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Welcome  to  Module  3! 


We  hope  you'll  enjoy  your  study  of  Environmental 
Chemistry. 

To  make  your  learning  a bit  easier,  watch  the 
referenced  videocassettes  whenever  you 
see  this  icon. 


You  also  have  the  option  of  viewing  laser 
videodisc  clips  when  you  see  this  one. 


When  you  see  this  icon,  study  the 
appropriate  pages  in  your  textbook. 

Good  Luck! 


Course  Overview 


This  course  contains  eight  modules.  Modules  1 and  2 involve  the  study  of  the  human 
circulatory  system,  defence  mechanisms,  the  nervous  system,  as  well  as  the  principles  of 
genetics.  Modules  3 and  4 investigate  acids  and  bases,  organic  compounds,  and  their 
effects  on  the  environment.  Modules  5 and  6 involve  the  study  of  field  theory,  the 
operation  of  various  electrical  devices,  as  well  as  some  of  the  properties  of 
electromagnetic  waves.  Module  7 focuses  on  the  electromagnetic  spectrum  and  its 
relation  to  the  study  of  the  Universe.  Module  8 will  involve  the  study  of  the  various 
sources  of  energy  and  how  a balance  must  be  maintained  between  the  demand  for 
energy  and  the  need  to  maintain  a viable  environment. 
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MODULE  OVERVIEW 


Pollution  is  a topic  mentioned  quite  often  in  the  media  these  days.  Have  you  ever 
wondered  if  society  really  is  poisoning  Earth?  Industrialists  say  things  aren't  so  bad, 
while  environmentalists  say  it's  almost  too  late.  Who  is  a person  going  to  believe?  You 
should  be  knowledgeable  about  this  subject  before  attempting  to  answer  that  question. 

In  this  module  you  will  learn  about  a few  of  the  more  common  forms  of  pollution  and 
the  chemical  reactions  associated  with  them.  You  will  do  an  in-depth  study  of  acids, 
bases,  and  buffers  in  order  to  help  you  understand  the  acid  rain  problem.  Finally  you 
will  examine  some  steps  that  can  be  taken  to  solve  these  problems. 


Module  3 
Environmental  Chemistry 


Section  1 
Problems  in  the 
Environment 


Section  4 
The  Search  for 
Solutions 


Section  2 
Acids  and  Bases 


Section  3 
Weak  Acids  and 
Bases  Form  Buffers 


Evaluation 


Your  mark  in  this  module  will  be  determined  by  how  well  you  complete  the 
assignments  at  the  end  of  each  section.  You  must  complete  all  assignments.  In  this 
module,  you  are  expected  to  complete  four  section  assignments.  The  mark  distribution 
is  as  follows: 


Section  1 Assignment 
Section  2 Assignment 
Section  3 Assignment 
Section  4 Assignment 


20  marks 
30  marks 
30  marks 
20  marks 


TOTAL  100  marks 


1 


Section 


Problems  in  the 
Environment 


WESTFILE  INC. 


You  are  riding  home  from  school  on  a smoggy  afternoon.  The  smog  is  so  thick  today 
that  people  have  turned  on  the  headlights  of  their  cars.  You  turn  the  radio  on;  maybe 
listening  to  the  radio  will  take  your  mind  off  the  smog  and  the  consequences  of  smog. 
The  news  just  comes  on. 

Acid  rain!  Ozone  destruction!  Toxic  spill!  As  the  media  reports  on  an  ever-growing 
number  of  pollution-related  topics  it  makes  a person  wonder  if  what  seems  to  be 
impending  doom  can  be  escaped.  Is  it  really  as  bad  as  it  is  made  out  to  be? 

In  this  section  you  will  define  pollution  and  use  the  definition  to  identify  several 
environmental  problems  facing  society.  Activity  1 defines  pollution.  In  Activity  2 you 
identify  some  causes  of  pollution.  Activity  3 explains  the  ozone  layer  and  establishes 
how  the  ozone  hole  is  formed.  In  Activity  4 you  analyse  the  effects  of  ozone  at  ground 
level.  Activity  5 explains  the  causes  of  acid  rain. 
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Section  1 : Problems  in  the  Environment 


Activity  1:  How  Much  Is  Too  Much? 


You  have  read  in  the  media  about  pollution  and  about  how  something  will  have  to  be 
done  about  it,  but  have  you  ever  asked  yourself  how  much  pollution  is  too  much?  The 
investigation  that  follows  has  you  do  just  that. 


□ A Initiating 
f0B.  Collecting 
2}c.  Organizing 
3r>  Analysing 
3E-  Synthesizing 
3 F.  Evaluating 


Investigation:  What  Is  Too  Much  Pollution? 


Purpose 

The  purpose  is  to  establish  what  is  a safe  level  of  a chemical  pollutant. 


Materials 


The  following  materials  are  needed  to  complete  this  investigation: 

• 8 glasses  (preferably  identical)  • ruler 

• 15  mL  (1  tbsp)  of  salt  • grease  pencil,  felt  pen, 

• 15  mL  (1  tbsp)  of  sugar  or  tape  to  mark  water  levels 

Procedure 

Step  1:  Label  your  glasses  from  1 to  7.  Label  the  eighth  glass  as  your  standard  glass. 

Step  2:  Fill  the  standard  glass  with  warm  water  and  dissolve  15  mL  (1  tbsp)  of  salt  into 
it.  Mark  the  level  of  the  water. 

Step  3:  Pour  the  solution  into  Glass  1.  Now  measure  ^ of  the  way  down  Glass  1 and 
mark  this  level. 

Step  4:  Pour  ^ of  the  solution  back  into  the  standard  glass.  Set  Glass  1 aside. 

Step  5:  Fill  the  standard  glass  to  its  previous  level  with  water.  It  now  has  ^ of  the 
concentration  that  Glass  1 has. 




3 3 

a 3 

standard 

glass  1 

(salt  solution) 

(empty) 
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Step  6:  Repeat  Steps  3,  4,  and  5 with  each  of  the  remaining  glasses.  You  now  have  a 
sequence  of  salt  solutions  each  with  ^ or  10%  of  the  concentration  of  the  one 
before  it.  Remember  — the  standard  glass  always  gets  of  the  last  solution 
made. 

Step  7:  Fill  the  standard  glass  with  water  to  the  same  level  as  the  other  seven  glasses  the 
last  time  and  label  it  Glass  8. 

Step  8:  Beginning  with  the  most  dilute  solution  (Glass  8),  taste  the  water.  Use  a blind 
taste  test  to  do  this.  (Have  a friend  fill  two  clean  glasses  with  your  drinking 
water  and  one  with  your  solution.  Taste  all  three  for  salt.) 

Step  9:  Repeat  the  entire  procedure  with  one  tablespoon  of  sugar. 

Observations 

1.  Make  and  record  the  results  of  your  taste  tests  in  a chart  similar  to  this  one. 


salt 

sugar 

solution  where  taste  became  detectable 

solution  where  taste  became  strong 

Analysis  and  Interpretation 


2.  All  of  your  glasses  are  "polluted"  with  either  salt  or  sugar,  or  are  they?  In  your 
opinion,  which  of  the  glasses  are  polluted? 

3.  Your  answer  to  the  preceding  question  is  based  on  your  own  personal  opinion  of 
what  pollution  is.  How  much  "pollutant"  is  needed  to  create  polluted  water? 

4.  The  concentration  of  solute  in  Glass  1 is  1 tbsp  per  glass.  What  is  the  concentration 
in  Glass  2,  Glass  3,  and  Glass  8? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  1. 
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Section  1:  Problems  in  the  Environment 


It  isn't  easy  to  define  pollution  in  a strict  scientific  manner.  A general  definition  of  the 
word  pollution  is  as  follows. 


Pollution  is  an  excess  of  some  synthetic  substance  that  is  present  in  the  wrong 
environmental  location. 


This  definition  has  certain  advantages. 

• It  deals  with  "pure"  substances. 

• It  makes  us  specify  the  location  of  the  pollutant. 

• It  deals  with  pollution  produced  by  humans  that  is  possible  to  control. 

Pure  water  isn't  pure!  Carbon  dioxide  in  the  air  dissolves  in  water  to  form  carbonic 
acid.  Salts  of  calcium,  sodium,  and  other  minerals  found  in  the  purest  water  can  also  be 
found  in  nature.  Air,  too,  has  natural  contaminants  in  it.  Lightning  makes  ozone,  forest 
fires  and  volcanoes  produce  solid  and  gaseous  materials,  while  living  things  produce 
other  various  contaminants.  However,  in  the  face  of  this.  Earth's  climate  has  remained 
remarkably  stable  for  three  billion  years  or  so. 


5.  The  reaction  of  CO , from  the  air  and  H . O ...  makes  water  acidic.  Is  the  water  now 

2(g)  2 (1) 

polluted,  according  to  your  definition? 

6.  Why  must  you  state  where  a particular  substance  is  in  order  to  decide  if  it  is  a 
pollutant? 

7.  Why  exclude  natural  contaminants  from  your  definition? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  1 


It  is  unrealistic  to  think  that  zero  pollution  is  an  attainable  goal.  The  lifestyle  of  many 
people  is  such  that  some  pollution  is  inevitable.  Activity  2 looks  at  some  consequences 
of  this. 


phosphates  - 


Activity  2:  Brighter  than  Bright 


compounds 
containing  the 
phosphate  ion, 

P043- 
For  example: 
sodium 
phosphate 

Na3P°4(s) 


You  have  probably  read  something  like  the  preceding  title  in  an  advertisement  for  a 
detergent.  Other  slogans  include  "fresher  than  fresh"  or  "whiter  than  white." 

These  messages  are  illustrations  of  why  you  must  specify  where  pollutants  are. 
Phosphates  are  added  to  detergents  to  soften  water  (which  increases  the  efficiency  of  the 
detergent).  That's  good.  Laundry  water  is  drained  into  sewers  and  finally  into  lakes 
and  rivers.  That's  bad.  The  following  illustration  shows  why  this  is  bad. 
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eutrophication  - 
loss  of  oxygen  in 
water  due  to 
excess  algae 
growth 

nitrates  - 
compounds  that 
contain  the 
nitrate  ion, 

no3- 

For  example: 
sodium  nitrate, 

NaN°3(s) 


volatile  organic 
compounds  - 

organic 

compounds  that 
vaporize  easily  at 
ordinary 
temperatures 

pesticide  - a 
chemical  used  to 
destroy  pests 
(usually  insects) 

herbicide  - a 
chemical  used  to 
destroy  plants 
(usually  weeds) 


Phosphates  are  also 
major  constituents 
of  fertilizers. 


This  process 
is  called 

eutrophication. 




Plants,  especially 
algae,  thrive  in 
phosphate-laden 
water. 


As  algae  grow, 
they  use  much  of 
the  water's 
oxygen. 


Deprived  of  oxygen, 
the  animal  life 
below  the 
surface  dies. 


Nitrates  are  also  found  in  fertilizers  and  act  in  a similar  fashion  when  put  into  water. 


1.  Look  at  some  cleaners,  solvents,  plant  fertilizers,  and  other  household  products  in 
your  home.  List  some  that  contain  phosphates  or  nitrates. 

2.  One  plant  food  product  is  derived  from  ammonium  phosphate  and  potassium 
nitrate.  Write  the  chemical  formulae  for  these  compounds. 

3.  Nitrates  and  phosphates  are  also  found  in  animal  wastes.  What  does  this  mean  for  a 
farming  operation? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  2. 


Another  source  of  pollution  is  from  volatile  organic  compounds  (VOCs).  These 
compounds  form  vapours  at  normal  temperatures.  The  next  time  your  breath  smells 
fresh  after  brushing  your  teeth,  ask  yourself  why?  If  you  smell  something,  it's  because 
molecules  of  that  substance  are  in  the  air.  VOCs  will  be  looked  at  in  more  detail  in 
Module  4. 

Tonnes  of  pesticides  and  herbicides  are  used  on  the  land.  These  chemicals  can  find 
their  way  into  water  supplies  as  well.  In  1948  a Swiss  chemist,  Paul  Muller,  received  the 
Nobel  Prize  in  medicine  and  physiology  for  his  work  on  the  pesticide  known  as  DDT.  It 
was  thought  to  be  a safe  pesticide  at  that  time.  However,  its  wide-spread  use  led  to  a 
number  of  problems  such  as  the  following. 

• DDT  breaks  down  in  the  environment  slowly  (years  to  decades). 

• DDT  is  very  soluble  in  fat,  including  the  fat  of  milk  and  animal  body  fat. 

• DDT  harms  the  reproduction  of  birds,  fish,  and  other  animals. 

• Many  insects  develop  a resistance  to  DDT. 
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biological 
magnification  - 
the  process  of 
increasing  the 
concentration  of 
a substance  as  it 
moves  up  a food 
chain 


ozone  - a form 
of  oxygen  with 
three  atoms 

°3(0) 


As  DDT  worked  through  the  food  webs  it  accumulated  at  higher  and  higher 
concentrations  in  organisms  high  up  on  their  food  chains.  This  process  is  called 
biological  magnification  and  led  to  a total  ban  of  DDT  use  in  the  USA  and  Canada  (but 
not  in  many  other  areas  of  the  world). 

4.  Newer  pesticides  can  be  more  toxic  than  DDT  but  less  harmful  to  the  environment. 
Look  at  the  preceding  list  of  problems  resulting  from  the  use  of  DDT  and  explain 
what  properties  these  newer  pesticides  might  have. 

5.  Organic  farming  is  a farming  method  that  uses  no  pesticides,  herbicides,  or  chemical 
fertilizers.  State  one  advantage  and  one  disadvantage  of  this  type  of  farming. 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  2. 


The  effects  just  shown  are  caused  by  lifestyle  choices.  Sometimes  though,  emissions  are 
created  in  one  place  only  to  have  them  cause  trouble  somewhere  else.  Ozone  is  just  such 
an  example  and  will  be  the  topic  of  the  next  activity. 


Activity  3:  The  Strange  Case  of  the  Ozone 


The  ozone  hole  has  received  a large  amount  of  media  attention  in  recent  years.  Its 
potential  for  environmental  destruction  resulted  in  the  signing  of  the  Montreal  Protocol 
in  1987  to  phase  out  the  production  of  CFCs  throughout  the  world  by  the  year  2000.  But 
what  is  the  ozone  hole  anyway? 


Ozone  is  produced  by  the  action  of  ultraviolet  radiation  (UV)  on  oxygen.  Look  at  the 
following  cross  section  of  the  atmosphere. 


km 

above 

Earth 


Vertical  Distribution  of  Ozone  in  the  Atmosphere 


40 


30 


20 


10 

0 


^ Stratosphere 


Troposphere 


UV  reacts  with  oxygen  to  produce 
ozone. 


The  ozone  concentration  is  highest 
about  25  km  up.  This  is  Earth's  ozone 
layer. 


The  ozone  absorbs  UV  so  no  ozone  is 
produced  down  here. 
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dynamic 
equilibrium  - a 
state  in  chemical 
reaction  when 
the  reaction  is 
going  in  both 
directions  at  the 
same  rate 


catalysis  - a 
loosening  of  the 
chemical  bonds 
of  two  or  more 
reactants  by 
another 

substance  so  as 
to  speed  up  the 
reaction 


Ozone  is  an  irritating,  toxic  gas  at  ground  level  but  it  provides  protection  from  harmful 
UV  rays  when  it  is  in  the  stratosphere.  The  balance  between  ozone  forming  and  ozone 
being  decomposed  is  shown  by  the  chemical  reactions  described  in  the  following 
statements.  Write  them  as  balanced  chemical  equations. 

1.  Oxygen  gas  decomposes  into  oxygen  atoms  when  hit  by  UV  radiation. 

2.  The  oxygen  atoms  react  with  other  oxygen  molecules  to  produce  ozone. 

3.  Ozone  molecules  decompose  into  oxygen  molecules  and  oxygen  atoms  when  they 
absorb  UV  radiation. 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3, 


The  combined  reaction  of  the  preceding  reactions  can  be  written  in  the  following  way. 


30 


2(g) 


20 


3(g; 


Dynamic  equilibrium  is  established  and  a stable  ozone  layer  will  result.  But  wait! 
There's  a problem.  Humans  have  put  compounds  into  the  stratosphere  that  cause 
excessive  ozone  destruction. 


4.  Read  page  182  in  your  text.  Draw  molecular  diagrams  to  represent  the  two 
equations  shown  on  page  182.  Choose  appropriate  symbols  for  chlorine  and  oxygen 
such  as  (S)  and  (6)  respectively. 

Notice  that  in  the  preceding  equations  the  chlorine  atom  is  freed  up  to  repeat  this 
procedure.  The  result  is  that  one  chlorine  atom  can  destroy  up  to  100  000  ozone 
molecules  in  one  season.  This  is  an  example  of  catalysis.  Recall  that  a catalyst  is  a 
chemical  that  aids  a reaction  without  being  changed  itself. 

5.  Why  would  humans  want  to  use  destructive  chemicals  like  CFCs  anyway? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3. 


The  dynamics  of  the  ozone  layer  are  much  more  complex  than  you  might  think.  The 
various  gases  in  the  ozone  layer  in  the  stratosphere  involves  more  than  300  different 
chemical  reactions  and  over  100  different  types  of  molecules.  The  following  statements 
give  a few  of  these  reactions.  Write  balanced  equations  for  these  reactions. 
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6.  Nitrogen  dioxide  decomposes  into  nitrogen  monoxide  and  atomic  oxygen. 

7.  Nitrogen  dioxide  reacts  with  atomic  oxygen  to  produce  nitrogen  monoxide  and 
oxygen  gas. 

8.  Two  hydroxide  ions  react  to  produce  water  vapour  and  atomic  oxygen. 

9.  Hydrogen  nitrate  decomposes  into  nitrogen  dioxide  gas  and  hydroxide  ions. 

Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3. 


photochemical 
smog  - smoky 
or  hazy  condition 
of  the 

atmosphere  in 
cities  or  large 
industrial  areas 
due  to  the  action 
of  sunlight  on 
vehicle  exhaust 
gases  and 
factory  pollution 

secondary 
pollutant -a 
pollutant  that 
forms  as  a result 
of  chemical 
reactions 
involving  primary 
pollutants 

primary 
pollutant  - a 

pollutant  that  is 
put  in  the 
environment  in 
its  final  form  by 
some  human 
process 


The  fact  that  there  still  is  the  ozone  layer  at  all  is  a comfort.  It  was  discovered  in  the 
1970s  that  during  springtime  in  Antarctica  the  concentration  of  stratospheric  ozone 
drops  dramatically.  It  rebounds  later  in  the  year.  Each  year  the  "hole"  or  ozone- 
depleted  region  in  the  ozone  layer  reappears  and  each  year  it's  bigger  than  before.  The 
late  1980s  have  seen  similar  conditions  in  the  Arctic  as  well,  although  not  as  large.  UV 
index  readings  are  now  standard  features  of  weather  forecasts. 

You  know,  ozone  in  the  stratosphere  is  good,  but  ozone  on  the  ground  is  another  story. 
The  next  activity  explores  the  effect  of  ground-level  ozone. 


Activity  4:  Ozone  on  the  Ground 


According  to  what  you  learned  in  Activity  3 there  shouldn't  be  any  ozone  on  the 
ground.  Ground-level  ozone  can  affect  materials  and  processes  in  various  ways  such  as 
those  that  follow. 

• breaks  down  materials  such  as  rubber  and  fabrics 

• inhibits  the  growth  of  trees 

• slows  the  growth  of  farmer's  crops 

• adversely  affects  lung  function 

How  does  ozone  at  ground  level  get  there?  It's  a major  ingredient  of  photochemical 
smog.  Ozone  is  a secondary  pollutant.  It  appears  during  chemical  reactions  caused  by 

the  appearance  of  nitrogen  oxides  ( NO  x ) produced  for  the  most  part  by  internal 
combustion  engines  in  cars.  The  NO  x are  primary  pollutants. 

Note:  NO  x means  the  nitrogen  oxide  could  be  NO  or  NO  2 . 
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Here's  a recipe  for  smog. 


J Air  Pollution  Special— Smog  \ 

Ingredients 

nitrogen  oxides  NO(g)  and  N02(g) 

VOCs  (volatile  organic  compounds) 
sunlight  (especially  UV  radiation) 
low  humidity 

basin  type  geographic  location 

Preparation 

• Start  many  cars  at  the  same  time.  This  makes  an  excessive  amount 
of  the  NOx . 

• Decompose  N02  to  produce  O.  (The  sun's  UV  radiation  provides 
the  energy  for  decomposition.) 

• Combine  nitrogen  monoxide  with  02  to  form  more  N02.  Repeat 
the  preceding  step. 

• Use  the  O and  the  air's  02  to  make  ozone  (03 ). 

• Season  to  taste  with  various  VOCs  (to  control  the  ozone 
concentration). 

• Percolate  the  ingredients  in  a sunny  spot  preferably  with  little  or  no 
wind  and  over  a geographic  basin. 

This  makes  one  big  headache! 


Write  balanced  equations  for  the  oxidation  of  nitrogen  as  described  in  the  following 
statements. 


1.  Nitrogen  in  the  air  reacts  with  oxygen  in  the  air  to  produce  nitrogen  dioxide.  This 
reaction  occurs  at  the  high  temperatures  that  exist  in  a car  engine. 

2.  If  less  oxygen  is  available  for  this  reaction,  the  result  is  nitrogen  monoxide. 

3.  Read  pages  173  and  174  in  your  text  and  write  a definition  of  a photochemical 
reaction. 


4.  The  sun's  UV  radiation  decomposes  the  N02(g)  into  NO(g)  and  0(g).  Why  is  this 
necessary  to  produce  ozone? 
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5.  Look  at  the  graph  on  page  175  of  your  text.  The  curve  labelled  "oxidants"  is  mostly 
ozone.  At  what  time  of  day  will  the  smog  be  at  its  worst? 

6.  Why  do  the  levels  of  the  pollutants  all  become  low  after  20:00  h (8:00  p.m.)? 

Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  4. 


There  are  three  major  problem  areas  for  smog  in  Canada.  They  are 

• the  Lower  Fraser  Valley  area  near  Vancouver 

• the  Windsor  to  Quebec  City  corridor 

• the  South  Atlantic  Region  in  the  Maritimes 

There  are  also  local  ozone  episodes  in  smaller  urban  or  rural  areas  of  Canada  as  well. 
The  Canadian  standard  "acceptable  level"  for  ground-level  ozone  is  82  ppb  (parts  per 
billion)  over  a one-hour  period.  An  ozone  episode  occurs  when  this  value  is  exceeded 
for  an  hour  or  more.  Ozone  episodes  in  Canada  last  from  one  to  a few  days.  The 
following  map  gives  the  number  of  days  per  year  when  Canada's  1-hour  Ozone  Air 
Quality  Objective  (82  ppb)  was  exceeded  in  various  cities.  The  value  for  each  city  is  the 
average  of  that  city's  three  highest  years  during  1983-90. 


7.  Locate  Detroit  and  Cleveland  in  an  atlas.  These  cities  are  major  sources  of  nitrogen 
oxides  and  VOCs.  Explain  why  stopping  pollution  is  an  international  affair. 
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8.  Only  one  of  the  monitored  cities  shown  has  had  no  ozone  episodes.  That  city  is 
Victoria.  Suggest  some  reasons  for  this  lack  of  pollution. 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  4. 




— 


Speaking  of  international  boundaries,  one  topic  that  kept  Canada-U.S.  relations  cool  for 
a time  was  acid  rain.  Canada  blamed  the  U.S.  for  much  of  the  harm  that  acid  rain  did  in 
Canada.  Activity  5 explains  this  problem  to  you. 


_____  Activity  5:  Acid  Rain  and  Acidic  Deposition 


Four  million  km  2 of  Canada's  land  area  contains  aquatic  ecosystems  that  are  highly 
sensitive  to  acid  rain.  This  is  46%  of  Canada's  total  land  mass.  It's  hard  to  think  of 
rainfall  as  a deadly  thing,  but  for  tiny  organisms  in  lakes,  rivers,  and  ponds  that  is  the 
reality.  There  are  about  150  000  lakes  in  Eastern  Canada  alone. 


The  pH  of  "pure"  rainwater  is  5.6  so  it  is  slightly  acidic  already.  To  see  why  this  is  so, 
read  the  introduction  on  pages  116  and  117  of  your  text. 

1.  Write  the  chemical  reaction  that  shows  how  carbon  dioxide  reacts  with  the  water  in 
the  hydrosphere.  Name  the  acid  formed. 

2.  Sulphur  dioxide  and  nitrogen  dioxide  react  in  similar  fashion.  Name  two  natural 
sources  of  these  gases. 


3.  Name  one  source  of  nitrogen  dioxide  and  one  source  of  sulphur  dioxide  created  by 
humans. 


acidic 

deposition  - the 
depositing  of 
acids  or  acid- 
forming 
substances  on 
Earth’s  surface 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  5. 


Acidic  deposition  is  a better  term  than  acid  rain  because  the  acid  can  come  in  the  form  of 
rain,  snow,  or  other  precipitation  (wet  acid  deposition)  or  can  be  deposited  unreacted  on 
particles  (dry  acid  deposition).  Dry  acid  deposition  becomes  acidic  when  it  reacts  with 
moisture. 

Smelting  is  the  process  of  extracting  and  purifying  metals  from  their  ores.  Well  over 
90%  of  Alberta's  S02(g)  emissions  come  from  burning  sulphur  containing  coal  for 
generating  electricity  and  burning  sour  gas  (H  2 S (g))  by  the  petroleum  industry.  For 
more  information,  read  page  128  to  131  of  your  text  and  answer  the  questions  that 
follow. 
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Write  balanced  reactions  for  the  following  processes. 

4.  Sulphur  is  burned.  Sulphur  is  written  as  S ^ s ^ or  S g ^ s ^ (rock  sulphur  is  S g ^ s ^). 

5.  Hydrogen  sulphide  is  burned  to  produce  sulphur  dioxide  and  water  vapour. 

6.  Alberta's  electricity  is  overwhelmingly  produced  from  burning  coal.  Eastern 
Canada  depends  less  on  coal  than  Alberta  but  produces  more  SO  2 emissions.  Why? 

7.  Write  the  reaction  that  occurs  when  copper(II)  sulphide  is  roasted  to  produce 
copper(II)  oxide  and  sulphur  dioxide. 

8.  Reread  the  Did  You  Know  caption  on  page  130  and  the  caption  for  Photo  4.6  on 
page  131  of  your  text.  What  common  idea  is  expressed  by  these? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  5. 


You  will  examine  the  effects  of  acid  rain  later  in  this  module.  In  order  to  completely 
understand  these  effects  and  why  some  parts  of  Canada  are  fairly  immune  to  acid  rain, 
you  need  to  know  more  about  acids  (and  bases).  That  information  is  presented  in 
Section  2 of  this  module. 

Follow-up  Activities 

If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is  recommended 
that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of  the  concepts,  it  is 
recommended  that  you  do  the  Enrichment. 

Extra  Help 

This  section  introduced  you  to  a number  of  different  pollutants.  Some  affect  air  quality, 
some  affect  water  quality,  and  others  affect  both  air  and  water  quality. 

1.  For  each  of  the  substances  listed,  decide  if  it  is  an  air  pollutant,  a water  pollutant,  or 


both. 

a.  phosphates 

d.  VOCs 

f. 

NO, 

b.  nitrates 

e.  CFCs 

§• 

so2 

c.  ozone 
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A pollutant  is  only  a pollutant  if  it  is  in  the  wrong  environmental  place. 
2.  For  each  substance,  indicate  where  it  is  and  isn't  a pollutant. 

a.  ozone 

b.  CFCs 


The  chemical  reactions  related  to  pollution  (at  least  the  ones  in  this  section)  are  simple. 
There  are  many  of  them,  however,  and  the  products  of  one  reaction  can  be  the  reactants 
for  others.  In  addition,  some  reactions  use  the  same  reactants  and,  therefore,  compete  for 
them.  The  interplay  among  all  these  reactions  is  so  complex  that  scientists  can't  predict 
their  total  effects  yet! 

Because  of  this  complexity,  scientists  look  at  smaller  groups  of  reactions  to  understand 
them,  and  then  try  to  build  up  to  the  big  picture. 

3.  Flere  are  some  pairs  of  chemical  equations  that  relate  to  the  topics  covered  in  this 
section.  Write  a brief  description  of  the  topic  involved.  (An  example  is  done  for  you.) 


Example:  * +0,  x->0_,  x 

r 2(g)  (g)  3(g) 


O „ / X > O , N + O / X 

3(g)  2(g)  (g) 


This  shows  the  way  that  ozone  in  the  stratosphere  remains  at  a constant  concentration 
in  the  ozone  layer. 


^uv~* 

a.  Cl,  x +0  , x — >00,  x +0  , 

(g)  3(g)  (g)  2(g 


CIO , x + O , \ — > Cl , \ + O 9 , x 
(g)  (g)  (g)  2(g) 


b.  NT,  x + 0_,  x — > 2 NO , x 

2(g)  2(g)  (g) 


2 NO,  x +09,  x — > 2NO  , 

(g)  2(g)  2(g, 


c.  2H?S,  x +30„,  x — > 2H90,  x +2SO_,  , 

2 (g)  2(g)  2 (g)  2(g, 


S 8 , x + 8 O - , x — > 8 SO  9 

8(s)  2(g)  2(g) 
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d-  S02(g)  +H20(1)  ^H2S03(aq) 

3N02(g)+H20(1)^2HN03(aq)+N0(g) 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Extra  Help. 


Enrichment 

Do  at  least  one  of  the  following  questions. 

1.  Often  when  you  look  for  chemical  ingredients  on  a box  of  detergent  you  won't  find 
them.  You  may,  however,  find  a 1-800  telephone  number  and  an  invitation  to  call 
for  extra  information.  You  could  phone  to  see  if  you  can  find  out  the  chemical 
ingredients  of  a detergent. 

2.  The  story  of  the  discovery  of  the  ozone  hole  is  fascinating.  Use  some  reference  books 
to  research  this  subject  and  then  write  a brief  account  of  the  discovery.  Not  only 
does  it  illustrate  the  nature  of  science  but  also  the  politics  of  science. 

3.  Edmonton  and  Calgary  are  about  the  same  size  and  are  located  close  to  each  other, 
yet  Calgary  has  more  ozone  episodes  than  Edmonton.  Contact  your  local 
meteorology  department  to  find  out  why. 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Enrichment. 




Conclusion 

This  section  has  introduced  you  to  some  of  the  environmental  problems  facing  society 
today.  You  were  given  a definition  of  pollution  as  well  as  a description  of  the  chemicals 
involved  in  the  following  areas: 

• eutrophication  of  water  bodies  • photochemical  smog 

• ozone  layer  destruction  • acid  deposition 


An  in-depth  look  at  acids  and  bases  in  Section  2 will  provide  you  with  the  necessary 
chemistry  background  to  analyse  the  pollution  problem  in  more  depth  later  in  this 
module. 
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Section 


Acids  and  Bases 


AOSTRA 


Acids — the  ultimate  image  of  a deadly  chemical.  Many  movies,  spy  stories,  and  novels 
have  used  acids  to  dissolve,  destroy,  and  disintegrate  things.  Are  they  really  as  deadly 
as  their  reputation  would  suggest?  The  answer  is  yes  and  no.  Acids  and  bases  are  used 
in  various  industries  and  chemical  production  processes.  In  some  of  the  processes,  acids 
and  bases  are  changed  and  no  longer  have  their  corrosive  properties.  In  other  processes, 
acids  and  bases  are  produced  as  a byproduct. 

This  section  will  add  to  your  knowledge  of  acids  and  bases.  You  will  establish  what 
acids  and  bases  are,  how  they  behave,  how  they  are  produced,  and  how  to  measure  their 
concentrations.  Activity  1 defines  acids  and  bases,  while  Activity  2 lists  various  reasons 
for  producing  acids  and  bases.  Activity  3 explains  how  to  measure  the  concentration  of 
an  acid  or  base,  while  Activity  4 demonstrates  measuring  the  concentration  of  an  acid 
using  two  methods. 
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____  Activity  1:  Acids  Are  Sour;  Bases  Are  Slippery 


You  are  probably  more  familiar  with  acids  and  bases  than  you  may  realize.  Many  of 
your  foods  are  acidic  (oranges  for  example)  while  many  cleaning  agents  are  basic  (toilet 
bowl  cleaners  and  soaps  for  example).  Look  at  this  table  of  acid  and  base  properties. 


Acids 

Bases 

• taste  sour 

• are  electrolytes 

• turn  litmus  red 

• react  with  active  metals  (Mg,  Zn) 
to  release  hydrogen  gas 

• taste  bitter 

• are  electrolytes 

• turn  litmus  blue 

• feel  slippery 

Svante  Arrhenius  (1859-1927),  a Swedish  chemist,  gave  science  its  first  working 
definition  of  acids  and  bases.  You  used  his  definitions  in  Science  20  or  Chemistry  20. 

He  defined  an  acid  as  a chemical  that  produces  hydrogen  ions  | H + j in  water  and  a 
base  as  a chemical  that  produces  hydroxide  ions  ( OH  ” ] in  water. 


Here  are  some  consequences  resulting  from  these  definitions. 

• Acids  are  aqueous  hydrogen  compounds. 

• Bases  are  aqueous  hydroxide  compounds. 

• Acids  and  bases  don't  exhibit  their  properties  until  they  are  dissolved  in  water. 
The  following  example  illustrates  these  statements. 


HCI— >H+  +cr  NaOH— > Na+  +OH“ 
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The  Arrhenius  definition  of  acids  and  bases  explains  much  of  what  is  known  about  acids 
and  bases.  Try  the  following  questions  based  on  the  Arrhenius  definition. 


1.  Label  the  following  compounds  as  an  acid  or  a base.  Also,  supply  the  name  for  a 
symbol  or  a symbol  for  a name  where  it  is  missing.  Refer  to  pages  486  to  488  of 
Visions  3 for  IUPAC  guidelines  for  naming  Acids,  Bases,  and  Salts. 


COMPOUND 



TYPE  OF  SUBSTANCE 

: 

Name 

Symbol 

aqueous  sulphuric  acid 

ca(oH)2,aq) 

H2S(aq, 

aqueous  acetic  acid 

aqueous  hydrogen 
phosphate 

^ 2 SO  3 ( aq ) 

HF(oq> 

aqueous  sodium 
hydroxide 

NH4OH(aq) 

HN°3(aq) 

2.  Write  balanced  equations  for  these  acid  and  base  neutralizations. 

a.  Hydrochloric  acid  reacts  with  barium  hydroxide  solution  to  produce  water  and 
barium  chloride  solution. 

b.  Phosphoric  acid  and  barium  hydroxide  solution  react. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  1. 
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salt -an  ionic 
compound 
formed  by  the 
reaction  of  an 
acid  and  a base 


Read  pages  118  to  120  of  your  text.  A newer  and  better  definition  of  an  acid  and  a base 
is  introduced.  Be  sure  to  read  the  Did  You  Know  in  the  margin. 


3.  Write  the  Bronsted-Lowry  definition  of  an  acid  and  a base. 

4.  What  two  chemicals  are  Bronsted-Lowry  bases  but  aren't  Arrhenius  bases?  Why  are 
these  two  chemicals  not  Arrhenius  bases? 

5.  According  to  the  Bronsted-Lowry  definition,  is  it  possible  to  chemically  react  an  acid 
without  a base? 


anumm 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  1. 


When  acids  and  bases  combine,  the  resulting  compound  is  called  a salt.  In  each  of  the 
following  reactions,  name  the  acid,  the  base,  and  the  salt.  State  which  definition — 
Arrhenius,  Bronsted-Lowry,  or  both — could  be  applied  to  the  acid  or  base. 


6. 

2 LiOH , . +H2S,  . 

( aq  ) 2 ( aq  ) 

— > 2 HOH , + Li  2 S , , 

( 1 ) 2 ( aq  ) 

7. 

HNO„  x + NH  , , 

3 ( aq ) 3 ( aq  ) 

->NH4NO„  , 

i 4 3 ( aq ) 

8.  NH3(g)+H20(1) 


nh;.  . +oh- 

4 ( aq  ) ( 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  1. 


Not  all  acids  or  bases  are  dangerous.  The 
ones  that  are  dangerous,  however,  require 
extreme  safety  in  their  storage  and 
transportation.  In  the  next  activity  you 
will  learn  some  of  the  reasons  why  they 
are  used  in  spite  of  their  dangers. 


WESTFILE  INC. 
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Activity  2:  Why  Make  Acids  and  Bases? 


Acids  and  bases  are  potentially  dangerous  chemicals.  The  fact  that  there  are  so  many  of 
them  around  and  so  much  of  some  of  them  means  that  they  must  be  useful  substances. 
In  this  activity  you  will  examine  some  of  the  uses  of  acids  and  bases. 


Read  pages  121  to  124  in  your  text  in  which  industrial  processes  for  the  production  of 
two  important  chemicals  are  described,  and  answer  the  questions  that  follow. 

Fill  in  the  chart  for  each  of  the  following  chemical  production  processes. 


SULPHURIC  ACID  PRODUCTION 


Sulphuric  acid 


Symbol: 


Uses: 


Present  Method  of  Production: 


Chemical  Reactions  Used  in  Production: 


SODIUM  HYDROXIDE  PRODUCTION 



Sodium  hydroxide  (base)  Symbol: 

Uses: 


Method  of  Production: 


Chemical  Reactions  Used  in  Production: 


3. 


AMMONIA  PRODUCTION 


Ammonia 


Symbol: 


Uses: 


Method  of  Production: 


Chemical  Reactions  Used  in  Production: 


20 


Section  2:  Acids  and  Bases 


4.  Give  two  reasons  why  these  production  processes  should  be  done  with  good 
equipment  that  doesn't  release  unwanted  products  into  the  environment. 

5.  When  brine  is  electrolysed  to  produce  sodium  hydroxide,  chlorine  and  hydrogen 
gases  are  released.  Why  must  these  be  contained? 

6.  What  benefit  have  farmers  of  today  realized  as  a result  of  the  Haber-Bosch  process? 

Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  2. 


From  the  study  of  these  processes  you  can  see  that  acids  and  bases  are  very  important 
chemicals  and  used  extensively  in  modern  society.  In  Activity  3 you  will  apply  numbers 
to  acids  and  bases  to  give  you  a method  of  rating  how  well  a chemical  behaves  as  an 
acid  or  as  a base. 

- DID  YOU  KNOW?  \ — 

Humans  produce  more  sulphuric  acid  than  any  other  chemical  worldwide. 


___  Activity  3:  Hydroxide,  Hydronium,  and  pH 


Are  you  familiar  with  the  pH  scale  by  now?  Remember  that  a low  pH  indicates  an  acid, 
a high  pH  indicates  a base,  and  that  pH  7 indicates  the  substance  is  neither  acidic  nor 
basic;  it's  neutral. 

Now  it's  time  for  you  to  learn  just  how  those  numbers  come  about. 

Water  is  an  acid  and  a base.  Water  ionizes  continuously  into  hydrogen  ions  and 
hydroxide  ions  and  then  the  ions  combine  to  form  water.  This  is  shown  by  the  following 
equations. 


H2Om->HT  ,+OH:  . and  Hf  , +OH7  . ->H2Om 

2 ( 1 ) ( aq  ) ( aq  ) ( aq  ) ( aq  ) 2 ( 1 ) 


This  can  also  be  shown  with  one  equation  as  follows. 


h2o 


H ; . +OH  7 

( aq ) ( aq , 


What  happens  on  a molecular  level  when  water  ionizes  is  shown  in  the  following 
diagram. 
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The  proton  bonds  to  another  water  molecule  to  form  H 3 O + . 


hydronium  ion  - 

a hydrated 
hydrogen  ion,  or 
an  ion  formed 
when  water  has 
a proton  added 
to  it 

ionization 
reaction  - a 
reaction  in  which 
a molecular 
chemical 
substance 
separates  into 
ions 


The  molecule  H 3 O T ^ is  called  a hydronium  ion.  When  an  acid  like  hydrogen  chloride 

ionizes  in  water,  the  result  is  HC1 , , + H . O , , , Cl  7 , + H , O 7 This  is  an 

ionization  reaction  for  HC1. 

1.  Explain  why  water  is  both  an  Arrhenius  acid  and  base  and  a Bronsted-Lowry  acid 
and  base. 

2.  Write  the  equation  to  show  what  happens  when  hydrogen  nitrate  dissolves  in  water. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  3. 


The  equations  for  water's  dynamic  equilibrium  are  as  follows. 
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The  reaction  from  H * , to  H . O * , occurs  almost  immediately.  The  equation  for  the 

( aq ) 3 ( aq ) y 1 

equilibrium  of  water  is  usually  shown  in  its  simpler  form  without  hydronium  ions. 


H2o(1. 


h;  . +oh: 

( aq  ) ( aq 


The  acidic  and  basic  nature  of  water  can  be  summarized  as  follows. 


Water  is  neutral  but  always  contains  some  HsO+  ions 
(acidic)  and  some  OH“  ions  (basic). 


Careful  measurements  of  the  concentration  of  each  of  these  two  ions  at  25°C  shows  them 
to  be  0.000  000  10  mol/L. 

3.  Why  must  the  concentration  of  OH  7 . and  H , O * , be  the  same? 

4.  Write  the  concentration  given  in  question  3 in  scientific  notation. 


The  product  of  the  two  concentrations  is  a constant  for  a given 
temperature. 

Algebraicly:  [H30*qq)  ]x[OH-qq)  ] = KW 

T T T 

The  brackets  mean  the  ionization  constant 
"concentration  of"  of  water 

Numerically:  Kw  = 1CT7  ^pxlCT7  Hl°!  = icr14 


Now  if  you  raise  the  concentration  of  H . O + , in  the  water,  the  solution  becomes  more 

J 3 ( aq ) 

acidic  and  has  a lower  OH  7 , concentration. 

(aq) 


5. 


Complete  a similar  statement  regarding  what  occurs  if  the  OH  ( ^ concentration  is 


raised. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  3. 
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pH  - the 
negative 
logarithm  of  the 
hydronium  ion 
concentration:  a 
number 

representing  the 
acidity  of  a 
solution 


Read  pages  134  and  135  about  the  concentration  of  acids  and  bases.  Study  the  two 
examples  on  page  135  carefully;  then  answer  the  following  questions. 

6.  If  acid  is  added  to  water  until  the  hydronium  ion  concentration  is  1 x 10  ”2  mol/L, 
calculate  the  hydroxide  ion  concentration. 


7.  If  a base  is  added  to  water  until  the  hydroxide  ion  concentration  is  1.0  x 10  6 mol/L, 
calculate  the  hydronium  ion  concentration. 


Hydronium  ion  and  hydroxide  ion  concentrations  can  also  be  done  by  a shortcut 
method.  The  exponents  of  the  two  ion  concentrations  must  add  up  to  -14. 


Example: 

1 . Hydronium  ion  concentration  is  1 x 1 0 "2  mol/L  as  in  question  6. 

[H-O^  1 = 10"2  mol/L;  therefore,  [OH;  . 1 = 1CT12  mol/L 

L 3 (aq)  J [ (ac0  J 

2.  Hydroxide  ion  concentration  is  1 x 1 0 ”6  mol/L  as  in  question  7. 

[ OH  ("aq ) ] = 1 0 “6  mol/L;  therefore,  [ H 3 O +aq } ] = 1 0 “8  mol/L 

Because  these  concentrations  are  so  low  and  because  working  with  numbers  like 
1 x 10  ~ 7 isn't  all  that  easy,  a Danish  chemist  Soren  Sorensen  proposed  the  use  of  pH. 

To  express  pH  he  proposed  the  following 

• Define  pH  as  the  negative  logarithm  of  the  hydronium  ion  concentration. 

and 

• Express  the  concentration  of  hydronium  ions  in  pH. 

You  might  think  of  pH  as  the  "power  of  hydrogen"  since  it  comes  from  the  Danish  term 
potenz  hydrogen  which  means  that  exactly. 
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Use  the  symbol  [ ] for  the  concentration  of  whatever  is  in  the  brackets.  Whether  the 
chemical  is  acidic  or  basic,  you  are  measuring  the  concentration  of  hydronium  ions. 


Example: 

Suppose  a solution  has  a hydronium  concentration  of  lxlCT9  mol/L.  To  find 
its  pH  you  proceed  as  follows. 

• Take  the  logarithm  of  [H30*aq)  j. 

log  (lxlCr9  ) = -9 

• The  pH  is  the  negative  of  this  logarithm. 

— 

pH  = -(-9)  = 9 



Sometimes  you  may  be  given  the  pH  of  a chemical  and  want  to  write  it  as  a hydronium 
ion  concentration.  To  do  this  you  do  the  opposite  of  finding  the  pH.  This  procedure  is 
called  finding  the  antilog.  Study  the  example  that  follows. 


Example: 

The  pH  of  the  contents  of  a bottle  of  pop  is  3.0.  To  find 
[H30*aq)  ] you  find  the  antilog  of  the  negative  of  the  pH. 

[H30(ao]  = antil°9(-3) 

[H30raq)  ] = O-OOl  mol/LorlCT3  mol/L 


Note:  If  the  pH  is  a whole  number  you  can  find  logs  and  antilogs  without  a calculator. 
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Look  at  the  following  chart.  Notice  that  the  pH  changes  by  one  when  the  concentration 
changes  by  a factor  of  10. 


pH 

[ H 3 ° r , I in  mol/L 

L 3 (aq)  J 

pH 

[H3°(+aq)]in  m°l/L 

1 

o 

T 

o 

8 

10"8  0.000  000  01 

2 

icr2  o.oi 

9 

10"9  0.000  000  001 

3 

10"3  0.001 

10 

10"10  0.000  000  000  1 

4 

10"4  0.0001 

11 

10""  0.000  000  000  01 

5 

10"5  0.000  01 

12 

10“12  0.000  000  000  001 

6 

10"6  0.000  001 

13 

10"13  0.000  000  000  000  1 

7 

10~7  0.000  000  1 

14 

10"'4  0.000  000  000  000  01 

The  following  diagram  shows  how  each  pH  value  changes  by  a factor  of  10. 


Up  to  this  point,  you  have  dealt  only  with  whole  number  pH  values.  You  can  find  the 
pH  value  for  a hydronium  concentration  of  any  value  using  a calculator. 


26 


Section  2:  Acids  and  Bases 


Example: 

Find  the  pH  of  a solution  with  a hydronium  ion  concentration  of  2.9  xlO-4  mol/L. 
Solution: 

pH  = -log(2.9xlO"4) 

= -(-3.5376) 

= -3.5376 

1 3.54  (to  2 signigicant  digits) 

Note:  If  you  are  using  (exp)  or  ( ee  ) keys  on  your  calculator,  just  enter  the 
exponent  (-4)  after  you  enter  the  2.9.  Do  not  enter  the  base  10.  You  need  to 

enter  all  of  2.9  x 1 0 ~4  if  you  are  using  the  (^)  key  to  enter  your  exponent. 

Consult  your  calculator  manual  if  you  are  having  difficulty.  Also  notice  that 
with  pH  only  the  digits  to  the  right  of  the  decimal  are  significant. 


Remember  that  the  hydronium  ion  concentration  must  be  in  mol/L.  Sometimes  it  may 
be  given  as  0.58  mol/2.0  L.  Change  this  concentration  to  mol/L  before  finding  the  pH. 

In  Visions  3 follow  very  carefully  through  the  Practice  problems  on  page  135  and  136. 
Some  of  these  problems  are  complex.  Do  each  step  on  paper  as  you  go  through  them. 

8.  Do  Problem  1 found  on  page  136  of  your  text. 

9.  Find  the  pH  of  solutions  with  the  following  hydroxide  ion  concentrations 

a.  lxlO"10  mol/L  b.  lxl(T5  mol/L  c.  1.5xlCT3  mol/L 

10.  Do  Problem  2 found  on  page  136  of  your  text. 

11.  Do  Problem  3 found  on  page  136  of  your  text. 

12.  Do  Problem  4 found  on  page  137  of  your  text. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  3. 


It's  one  thing  to  learn  about  acids  and  bases  theoretically;  it's  another  to  actually  work 
with  them.  The  next  activity  is  about  how  acids  and  bases  behave  in  a laboratory. 
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lHH^  Activity  4:  Measuring  pH 


titration  - the 

precise  addition 
of  a solution  of 
known 

concentration 
into  a measured 
volume  of 
sample  solution 
to  find  the 
concentration  of 
the  sample 
solution 


Suppose  that  you  were  given  a beaker  of  some  chemical.  You  place  litmus  paper  in  it 
and  it  turns  red — so  it's  an  acid.  How  could  you  determine  just  how  concentrated  it  is? 
One  answer  is  to  neutralize  it  with  a base  for  which  you  know  the  concentration.  You 
could  then  calculate  the  concentration  of  the  acid.  This  is  called  titrating  the  acid  or 
performing  a titration.  The  following  section  and  the  investigations  which  follow 
demonstrate  this  process. 


IMPORTANT  NOTE— DISPOSAL  INFORMATION 

Any  chemicals  used  in  investigations  in  this  module  should  not  be  poured  down  the 
sink,  unless  indicated  otherwise.  Keep  waste  materials  in  closed,  labelled  containers. 
Take  your  waste  materials  to  a waste  disposal  centre  or  contact  your  nearest  high 
school  or  fire  department  for  disposal  information. 


The  Tools 


The  following  tools  are  essential  for 
performing  a titration. 


This  pipette  is  a 
volumetric  pipet 
(50  mL). 


A buret  is  a precise  graduated 
cylinder  with  a tap  at  the  bottom. 
The  tap  may  be  a ground  glass 
stopcock,  teflon  stopcock,  or  a 
pinchcock  (short  rubber  hose, 
pinch  clamp,  and  glass  tip). 


Pipette  Buret 

The  Method 

Step  1:  Draw  a measured  amount  (50  mL  is  shown  in  the 
example)  of  the  unknown  acid  and  transfer  it  into 
an  empty  Erlenmeyer  flask  or  beaker.  Use  a 
rubber  pipette  bulb  to  draw  the  solution  into  the 
pipette.  Recall  the  procedure  from  Science  20. 
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standard 
solution  - a 

solution  with  a 
known 

concentration 

acid-base 
indicator -a 
chemical  that 
changes  colour 
over  a certain  pH 
range 


titrant  - the 

solution  in  the 
buret  in  a titration 


Step  2: 


Fill  the  buret  with  the  known  solution.  This  is  called 
the  standard  solution.  In  the  example  it  will  be  a 
0.200  mol/L  sodium  hydroxide  solution.  Record  the 
reading  of  the  sodium  hydroxide  solution  level  in  the 
buret. 

Note:  You  now  need  a way  to  know  when  the  sodium 
hydroxide  neutralizes  the  acid.  You  use  an  acid-base 
indicator  for  this.  The  usual  one  for  a titration  of  this 
type  is  phenolphthalein  but  bromothymol  blue  is 
satisfactory. 


Step  3:  Add  a few  drops  of  phenolphthalein  to  the  beaker  of 
acid. 


Step  4:  Turn  the  tap  slowly.  Swirl  the  beaker  as  you  do 
this.  Phenolphthalein  turns  bright  pink  in  a 
base.  (It's  colourless  in  a dilute  acid.)  Find  the 
point  where  the  solution  in  the  beaker  stays 
pink.  Record  the  reading  of  the  level  of  the 
sodium  hydroxide  solution  in  the  buret  now. 

You  have  titrated  an  acid.  Your  solution  in  the 
flask  should  show  a pink  colour. 


Additional  Notes: 

• You  must  titrate  slowly  and  carefully  especially 
near  the  end  point! 


• The  standard  solution  is  called  a titrant. 


• The  neutralization  occurs  at  about  pH  7.  The  indicator  used  does  not  necessarily 
change  colour  exactly  at  pH  7.  Bromothymol  blue  changes  colour  at  about  ph  7 
but  phenolphthalein  changes  colour  at  about  pH  9.  The  reason  why  either 
indicator  can  be  used  can  be  seen  in  the  graph  on  the  following  page.  The  pH 
changes  very  quickly  near  the  end  point  so  the  range  of  pH  values  that  are  close  to 
the  end  point  extends  from  about  pH  4 to  about  pH  10. 


Another  method  of  titration  uses  a pH  meter.  With  this  technique  you  would  set  up  the 
acid  and  base  the  same  as  in  steps  1 and  2.  Then  you  would  add  some  of  the  base,  swirl 
the  flask,  measure  the  pH,  add  some  more  base,  swirl,  measure  the  pH,  and  so  on.  You 
then  graph  the  pH  against  the  volume  of  the  base  added  and  read  the  volume  of  the 
titrant  at  pH  7 from  the  graph.  An  example  of  such  a graph  follows. 
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The  use  of  a pH  meter  is  optional  with  this  module.  If  you  have  access  to  a pH  meter, 
study  Skill  7 on  page  473  of  Visions  3.  You  will  get  an  opportunity  to  use  a pH  meter  in 
the  investigation  that  follows. 


Read  pages  141  to  144  of  your  text.  Pay  particular  attention  to  the  calculations  that 
follow  the  reading.  Look  over  the  first  two  practice  problem  examples  on  page  143 
and  144.  Work  through  calculations  as  you  read  them.  They  are  stoichiometry  problems 
similar  to  those  you  did  in  Science  20. 

When  you  do  a titration  you  need  to  be  able  to  calculate  the  concentration  of  some  of  the 
chemicals.  The  problems  on  page  144  of  Visions  3 will  help  you  review  stoichiometric 
calculations. 


1.  Do  Problems  1,  2,  and  3 found  on  page  144  of  your  text. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  4. 


It's  one  thing  to  read  about  a titration  and  another  thing  to  perform  one. 
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[A.  Initiating 
|B.  Collecting 
| C.  Organizing 
|D.  Analysing 
: Qf*..  Synthesizing 
10  F-  Evaluating 


Investigation:  Titrating  to  Find  Concentration  Using  an  Indicator 
and  a pH  Meter 


V pathways 

If  you  have  access  to  a pH  meter,  do  Part  A and  Part  B.  If  you  do  not  have  access 
to  a pH  meter,  do  Part  A and  Part  C. 


Part  A 

Read  Activity  4.3  on  pages  144  to  146  of  Visions  3 carefully.  This  part  of  the  investigation 
will  involve  Part  A of  Activity  4.3  only.  Take  note  of  the  following  additional 
instructions.  Review  the  safety  precautions  in  the  planning  section  as  well  as  the  general 
precautions  in  the  Appendix  on  pages  479  to  480.  The  chemicals  used  here  are  acids  and 
bases  and  are  corrosive.  Be  especially  careful  not  to  get  these  chemicals  in  your  eyes. 

If  you  are  working  at  home  and  have  a lab  kit  purchased  from  the  Learning  Resources 
Distributing  Centre,  you  will  have  bromothymol  blue  in  your  lab  kit.  Use  this  indicator 
in  place  of  the  phenolphthalein  listed  in  the  materials  in  the  textbook.  Keep  any  unused 
0.10  mol/L  NaOH(aq)  for  the  investigation  in  Section  3 of  this  module. 

Purpose 

Find  the  concentration  of  an  acid  by  titrating  with  a base  to  an  end  point  using  an 
indicator  to  determine  the  end  point. 

Materials 

The  materials  are  listed  on  page  145  of  Visions  3.  If  you  are  working  at  home,  you  will 
use  bromothymol  blue  in  place  of  phenolphthalein.  Also  use  only  10  mL  of  the 
unknown  HCl(aq)  for  each  trial  since  you  have  only  a 10  mL  pipet. 

Procedure 

Follow  the  procedure  given  in  Activity  4.3  on  page  145  for  Part  A.  If  you  are  using 
bromothymol  blue  as  an  indicator,  pay  attention  to  the  following  additional  points  to 
help  you  determine  the  endpoint. 

• The  colour  change  will  be  from  yellow  to  blue.  The  yellow  colour  is  not  very 
bright  but  the  change  to  blue  is  very  distinct. 

• Titrate  by  adding  about  0.5  mL  of  titrant  until  you  observe  blue  streaks  in  the 
beaker.  From  this  point  on,  add  titrant  a drop  or  two  at  a time  until  a permanent 
blue  colour  appears  in  the  beaker. 
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• Read  the  final  buret  reading  at  this  point.  For  your  next  trial  use  the  previous  final 
reading  as  the  initial  reading. 

Observations 

2.  Make  and  complete  a chart  similar  to  the  following. 


Trial  1 

Trial  2 

Trial  3 

Initial 

Volume 

Final 

Volume 

Amount  of 
Titrant  (Difference) 

Analysis  and  Interpretation 

3.  How  much  NaOH , * was  used  in  Part  A?  Subtract  the  initial  volume  from  the 

(aq) 

final  volume  for  each  trial  and  average  the  three  values. 

4.  Use  your  answer  to  question  3 and  the  rest  of  the  data  to  find  the  concentration  of 
the  acid. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  4. 


Part  B 

This  part  of  the  investigation  involves  doing  Part  B of  Activity  4.3. 

Purpose 

Find  the  concentration  of  an  acid  by  titrating  with  a base  of  known  concentration  to  a 
neutral  point  using  a pH  meter  to  determine  the  end  point. 

Materials 

The  materials  are  the  same  as  in  Part  A with  the  additional  requirement  of  a pH  meter. 

Procedure 

Follow  the  procedure  in  Part  B of  Activity  4.3  on  pages  145  to  146  of  Visions  3. 
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Observations 


5.  Make  and  complete  a chart  like  the  one  that  follows. 


Volume  of  Base 
Added  (mL) 

x 

6.  Draw  a graph  of  pH  of  base  added  versus  volume  (mL).  Place  volume  on  the 
horizontal  axis  and  pH  on  the  vertical  axis. 

Analysis  and  Interpretation 


7.  Read  the  coordinates  of  the  point  of  the  graph  that  is  in  the  middle  of  the  steep  rise 
in  the  curve. 

8.  Explain  the  significance  of  this  point  on  the  graph. 

9.  Use  the  volume  of  NaOH , . used  to  calculate  the  concentration  of  the  unknown 

(aq) 

HC1.  r 

(aq) 

10.  How  does  this  value  for  the  concentration  of  HC1  (a  } compare  to  the  value  for  the 
concentration  of  HC1  (aq)  calculated  in  question  4 in  tart  A? 

11.  Do  question  1 of  the  Analysis  and  Interpretation  on  page  146  of  your  text. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  4. 


Parte 

Do  this  part  if  you  do  not  have  access  to  a pH  meter.  Suppose  that  you  are  required  to 
perform  a titration  to  find  the  concentration  of  a NaOH  (aq)  solution  using  a pH  meter. 

You  have  a 0.200  mol/L  solution  of  sulphuric  acid  at  your  disposal. 

12.  Record  the  procedural  steps  that  you  must  do  in  order  to  find  the  concentration  of 
sodium  hydroxide,  with  a pH  meter.  Read  Skill  7 on  using  a pH  meter  found  on 
page  473  of  Visions  3. 
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Here  are  the  results  that  you  would  get  if  you  actually  performed  the  titration  of  50  mL 
of  a particular  concentration  of  sodium  hydroxide  with  0.200  mol/L  H2S04(aq). 


Titrating  with  a pH  Meter 


Volume  of  Acid 
Added  (mL) 

. 

5.0 

10.0 

. . 

15.0 

20.0 

25.0 

26.0 

27.0 

28.0 

29.0 

30.0 

35.0 

PH 

13.6 

. ' 

13.5 

13.0 

12.1 

11.0 

10.4 

7.0 

4.1 

2.9 

" ■ : 

2.7 

2.0 

13.  Make  a graph  of  pH  versus  volume  of  sulphuric  acid  added.  Put  the  volume  on  the 
horizontal  axis. 

14.  Read  the  coordinates  of  the  point  of  the  graph  that  is  in  the  middle  of  the  steep  drop 
in  the  curve. 

15.  Explain  the  significance  of  this  point  of  the  graph. 

16.  Use  the  volume  of  H , SO , used  to  calculate  the  concentration  of  NaOH , 

2 4(aq)  (aq) 

17.  Compare  the  shape  of  this  graph  (in  question  10)  to  the  graph  for  the  titration  of 
HCl(aq)  with  0.100  mol/L  NaOH(aq)  in  question  6 in  Part  B of  the  preceding 
investigation.  How  do  the  two  shapes  compare  and  why  does  the  difference  occur? 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  4. 


In  this  activity  you  learned  to  measure  pH  and  to  calculate  the  concentration  of  an  acid 
or  base  using  a method  called  titrating.  You  were  given  a prepared  solution  to  use  in  the 
titration.  Titration  analysis  involves  preparing  and  standardizing  the  titrant  as  well  as 
performing  the  titration.  Titration  analysis  has  applications  in  a wide  range  of  areas 
such  as  environmental  biology,  chemical  reasearch,  industry,  and  law  enforcement.  Due 
to  technological  advances,  many  titrations  today  are  performed  by  machines;  however, 
the  same  basic  principles  and  procedures  still  apply. 

Follow-up  Activities 

If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is  recommended 
that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of  the  concepts,  it  is 
recommended  that  you  do  the  Enrichment. 
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Extra  Help 

What  is  an  acid? 


Arrhenius’  Definition  of  an  Acid 

Bronsted  and  Lowry’s  Definition  of  an  Acid 

• a chemical  that  produces  H+  in 
water 

• The  ionization  equation  that 
shows  this  is  of  the  form 

acid->H+  + other  ion 

• a chemical  that  donates  a proton 

• If  a hydrogen  leaves  a chemical  to 
form  H + , it  is  a donated  proton. 

Example: 
HC1 


(hTA 


h:  . +cr 

^ ( aq ) ( aq , 

T 


(aq 

Arrhenius  acid. 


->  (h 

(a  proton) 

A proton  is  made  available. 


HC1 , x is  an  Arrhenius  and  a Bronsted-Lowry  acid. 

(aq)  J 

What  is  a base? 


Arrhenius’  Definition  of  a Base 

Bronsted  and  Lowry’s  Definition  of  a Base 

• a chemical  that  produces  OH”  in 
water 

The  dissociation  equation  that 
shows  this  is  of  the  form 

base  OH"  + other  ion. 

• a chemical  that  accepts  a proton 

If  hydrogen  has  bonded  to  something, 
that  something  is  a base. 

Example: 


NaOH,  x — > OH”  + Na 

^ (*q) 


NH  , 1+H2Om-»NH;,  x +OH/ 

3 ( aq ) 2 (1)  ^ 4(aq)  I 


Arrhenius  base  one  more  hydrogen  here 

The  NH  3 has  accepted  a proton;  therefore,  it  is  a base  (Bronsted  and  Lowry). 

1.  What  is  the  acid  that  donates  the  proton  to  the  ammonia?  (Hint:  Where  did  the 
hydrogen  come  from?) 
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2.  Complete  the  following  statements  by  writing  true  or  false  based  upon  the  reaction 
shown.  Correct  any  false  statements. 


2,  x ->2HOHm  + CaCl,  , 

2 ( aq  ) ( 1 ) 2 ( aq 


2HC1(aq)  + Ca  ( OH ) 

a.  This  reaction  is  a double  replacement  reaction. 


b.  This  reaction  shows  an  acid  neutralizing  a base. 

c.  HC1  ^ ^ j accepts  a proton  from  somewhere. 


d.  Ca  ( OH ) 2 ( aq ) is  a Bronsted-Lowry  acid. 


HNO  , , +H2Om  ->H30:  . +NO"  x 

3 ( aq  ) 2 ( 1 ) 3 ( aq  ) 3 ( aq ) 


e.  HNO  „ , x donates  a proton  to  the  water. 

3(aq)  r 

f.  Hydronium  ion  is  the  base  since  it  accepts  a proton. 

g.  HNO  „ , x is  an  Arrhenius  acid. 

° 3 ( aq  ) 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Extra  Help. 
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When  you  see  a set  of  square  brackets  [ ] with  a chemical  symbol  in  it,  this  indicates  the 
concentration  of  that  chemical. 


For  example, 
solution. 


NaCl 


(aq) 


means  the  concentration  of  sodium  chloride  in  an  aqueous 


Concentration  can  be  measured  many  ways.  Recall  the  following  from  Science  20. 

• % by  mass  high  concentrations 

• % by  volume 

• in  ppm,  ppb,  (parts  per  million,  parts  per  billion)  <—  very  low  concentrations 

• moles /litre  (mol/L)  <—  method  used  most  often  by  a chemist 

• pH  <—  a scale  used  to  describe  I H . O * , for  acids  and  bases 

r L 3 ( aci ) 

pH  is  the  negative  of  the  log  of  the  hydronium  ion  concentration  where  the  hydronium 
ion  concentration  is  given  in  mol/L. 


Section  2:  Acids  and  Bases 


To  get  pH  from  concentration  you  do  the  following. 

• Take  the  log  of  the  concentration  (it  will  be  negative  if  the  concentration  is  less  than 
1 mol/L). 

• Take  the  negative  of  this  number. 

These  are  the  entry  steps  on  some  calculators  if  you  want  to  find  the  pH  of  a 0.023  mol/ 

L solution  of  HNO  3iaqy  Check  your  manual  if  you  do  not  get  the  same  answer. 

ph= 000003© 

The  answer  is  1.64  (to  2 significant  digits). 

To  get  concentration  from  pH  you  work  backwards.  Take  the  antilog  of  the  negative  pH 
value. 

Example: 

Find  the  hydronium  concentration  of  an  acid  with  a pH  of  2.31. 


0O00© 


whichever  one  your  calculator  uses 


This  answer  is  0.0049  mol/L  or  4.9  x 10  3 mol/L  to  2 significant  digits. 


3.  Convert  the  following  pH  values  to  hydronium  ion  concentrations 
vice  versa.  Use  the  proper  number  of  significant  digits. 


h3°;  , 

3 (aq) 


or 


PH 

[H3<Taq)] 

0.28 

9.81 

0.200  mol/L 

3.98x10'"  mol/L 
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Titration  is  used  as  a method  to  find  out  how  concentrated  acids  and  bases  are. 
Calculations  based  upon  titration  data  are  stoichiometry  problems.  The  following  is  an 
example  of  a stoichiometry  problem. 


Example: 

Suppose  that  29.8  mL  of  a 0.100  mol/L  HCI(aq)  was  needed  to  neutralize 
50.0  mL  of  Ca(OH)2(aq).  Find  the  concentration  of  Ca ( OH ) 2 ( aq ) 


Step  1:  The  reaction  is  as  follows: 

2HC1,  x + Ca ( OH )2(aa\  —>2 HOH m + CaCl  , , 

^ (aq)  ^ /2(aq)  (1)  2(aq) 

standard  unknown 

solution 


Step  2:  The  number  of  moles  of  the  standard  is 

C = - son  = CV 

V 

= 0.100  mol/L  x 0.0298  L 

= 0.002  98  mol  (Note:  29.8  mL  is 

changed  to  0.0298  L) 

Step  3:  Use  mole  ratios  to  find  the  number  of  moles  of  the  unknown. 


Ca  ( OH  ) 2 l 

— SO  nCa{OH] 

nHC\  *- 


HC1 


0.002  98  mol 


= 0.001 49  mol 

Step  4:  Find  the  concentration  of  the  unknown. 


n 0.001 49  mol 

c = — = 

v 0.050  L 

= 0.0298  mol/L  (3  significant  digits) 
Try  the  following  problems. 
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4.  If  11.6  mL  of  a 0.200  mol/L  Ca  ( OH ) 2 ( aq ) solution  is  used  to  neutralize  25.0  mL  of 
nitric  acid,  find  the  concentration  of  the  acid  by  answering  the  following  questions. 

a.  Write  the  balanced  equation  for  the  reaction. 

b.  Name  the  unknown  solution  and  the  standard  solution. 

c.  What  is  the  volume  of  the  unknown  solution  and  the  standard  solution? 

d.  How  many  moles  of  standard  solution  were  used? 

e.  How  many  moles  of  unknown  solution  were  reacted? 

f.  What  is  the  unknown  solution's  concentration? 

5.  It  takes  40.0  mL  of  a 0.100  mol/L  HC1 , , solution  to  neutralize  50.0  mL  of 

(aq) 

KOH , . . What  is  the  concentration  of  the  KOH , J Solve  this  problem  by 

(aq)  (aq)  r J 

making  and  completing  a flow  chart  like  the  following. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Extra  Help. 
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Enrichment 


Do  at  least  one  of  the  following  activities. 


1.  Look  at  the  concentration  of  the  " concentrated"  acids  and  bases  on  the  reagent  bottle 
in  a laboratory  supply  room.  Be  sure  to  get  permission  to  access  the  supply  room. 
You  may  also  be  able  to  find  information  on  the  concentration  of  acids  and  bases  in 
various  chemistry  textbooks.  What  is  the  lowest  and  highest  pH  you  can  calculate 
for  these? 

2.  There  is  another,  more  general,  definition  of  acids  and  bases  that  doesn't  even  need 
hydrogen  to  be  present.  It  was  proposed  by  Gilbert  Newton  Lewis.  Look  on 

page  120  of  your  text  or  any  other  high  school  chemistry  textbook  for  this  definition. 
(Try  Nelson  Chemistry  or  Alchem  30).  What  advantages  does  this  definition  have? 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Enrichment. 

V 


Conclusion 

This  section  of  Module  3 has  looked  at  the  theoretical  basics  of  acids  and  bases,  uses  and 
production  of  these  chemicals,  and  a laboratory  technique  for  finding  the  concentration 
of  an  acid  or  base. 

Although  your  knowledge  of  acids  and  bases  is  quite  extensive  now,  you  will  learn 
some  practical  information  about  acids  and  bases  in  Section  3. 
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Section 


Weak  Acids  and  Bases 
Form  Buffers 


PHOTO  SEARCH  LTD. 


Have  you  ever  had  an  upset  stomach?  You  may  have  said  "I  have  too  much  acid  in  my 
stomach."  You  may  have  taken  one  of  the  products  shown  above  to  settle  your  stomach. 
Many  systems  (biological  and  chemical)  can  maintain  a stable  pH  even  when  acids  and 
bases  are  added  to  them.  You  have  several  buffers  in  your  body  that  can  maintain  a 
near-constant  pH  level  in  the  blood  and  in  other  body  fluids  in  your  system.  Imagine 
what  would  happen  to  you  if  your  body  couldn't  do  this. 

In  this  section  you  will  establish  how  the  properties  of  weak  acids  and  bases  give  rise  to 
buffers  which  can  maintain  this  stability  of  pH.  In  Activities  1 and  2 you  will  establish 
the  difference  between  strength  and  concentration  and  analyse  just  what  buffers  are.  In 
Activity  3 you  will  investigate  the  buffering  capacity  of  the  environment,  while  in 
Activity  4 you  will  analyse  the  buffer  system  in  your  blood.  In  the  final  activity  in  this 
section  you  will  use  the  knowledge  you  have  gained  about  acids,  bases,  and  buffering  to 
explain  the  differences  in  sensitivity  to  acid  rain  of  different  regions  in  Canada. 
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Activity  1:  New  Surprises — Strength  Versus 
Concentration 


In  the  previous  section  you  used  a standard  solution  of  known  concentration  to 
determine  the  concentration  of  another  solution. 


If  you  were  to  take  standard  solutions  of  several  acids  and  measure  their  pH  values  with 
a pH  meter,  you  would  get  different  values.  Think  about  this  a moment  and  study  the 
flow  chart  which  follows. 


1.  The  bottom  box  in  each  part  of  the  flow  chart  states  that  you  can  expect  the 

concentration  of  hydronium  ions  to  equal  the  concentration  of  the  acid  itself.  Why 
can  you  expect  this  outcome? 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  1. 
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Read  your  textbook  from  the  bottom  third  of  page  155  through  to  the  first  half  of  page 
157.  Look  at  the  Table  5.2  on  page  158  of  your  textbook.  It  shows  the  pH  values  for 
several  acids  at  a 0.100  mol/L  concentration. 

2.  a.  Different  pH  values  were  given  for  the  same  concentration  of  various  acids. 

What  is  the  reason  for  this  variation  of  H,0!  , ? 

L 3 (an)  J 


b.  Explain  how  this  applies  to  all  acids  and  bases  in  terms  of  equilibrium  of  the 
reactions. 


3.  Explain  how  to  produce  a solution  with  a relatively  high  pH  using  a strong  acid. 

4.  Could  a strong  base  have  a lower  pH  than  a weak  one? 

5.  When  comparing  the  pH  of  several  acids  or  bases,  why  must  you  use  equal 
concentrations  of  each? 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  1. 


A strong  acid  ionizes  or  base  dissociates  almost  completely  (>99%).  A single  arrow  is 
used  to  indicate  the  direction  of  the  reaction.  Note:  In  this  module  you  will  use  the 
terms  ionizes  and  ionization  when  discussing  acids  and  dissociates  or  dissociation  when 
discussing  bases.  Visions  3 uses  dissociates  and  dissociation  for  both  acids  and  bases. 

Other  textbooks  may  use  both  ionization  and  dissociation  with  acids.  It  is  considered  to  be 
the  most  proper  to  use  ionize  and  ionization  with  acids  and  dissociates  and  dissociation 
with  bases. 


Example:  HCI^  + H20^  — >H30  + (aq)  +CI  (aq) 


6.  Write  the  ionization  reaction  for  nitric  acid. 

7.  Write  the  dissociation  reaction  for  sodium  hydroxide. 

A weak  acid  does  not  ionize  and  a weak  base  does  not  dissociate  very  much  but  each  is 
in  equilibrium  between  the  reactants  and  the  products.  This  is  shown  in  an  equation 
using  two  half  arrows  as  follows. 


Example:  NH3(aq)  +H20(|)  ^ NH4+(aq)  +OH_(aq) 
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percent 
ionization  - the 
percent  of  acid 
ions  that  form 
compared  to  the 
maximum  that 
could  form 

percent 
dissociation  - 
the  percent  of 
base  ions  that 
form  compared 
to  the  maximum 
that  could  form 


When  ammonia  is  dissolved  in  water,  very  few  ammonia  molecules  accept  a proton. 
This  can  be  indicated  in  the  equation  by  having  a small  arrow  above  the  half  arrows 
pointing  in  the  direction  that  the  reaction  favours.  You  can  see  that  in  the  following 
example  the  reaction  favours  the  reactants. 


Example:  NH3(aq)  +H20(I)  ^ NH4  + (aq)  +OH_(aq) 


It  should  be  noted  that  although  the  reaction  favours  the  reactants  as  indicated  by  the 
uppermost  arrow,  the  reaction  is  still  in  equilibrium.  Visions  3 uses  the  method  of 
drawing  one  of  the  equilibrium  arrows  longer  than  the  other.  This  could  imply  that  the 
reaction  is  not  in  equilibrium.  In  this  module  you  will  use  the  third  arrow  as  shown  in 
the  preceding  example  when  you  want  to  indicate  which  side  (reactants  or  products)  the 
reaction  favours. 

8.  Write  the  ionization  reaction  for  acetic  acid. 

9.  Write  the  dissociation  reaction  for  ammonia  with  water. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  1. 


The  pH  of  a solution  tells  you  the  concentration  of  hydronium  ions.  For  a strong  acid, 
this  will  equal  the  concentration  of  the  solution  since  all  of  the  acid  ionizes  in  water. 


For  weak  acids  and  bases,  the 


h3o;  , 

3 (aq, 


or 


OH 


(aq 


is  less  than  expected.  For  this 


course  you  will  use  percent  ionization  with  regard  to  the  strenth  of  an  acid  and  percent 
dissociation  with  regard  to  the  strength  of  a base.  Look  again  at  page  157  and  158  in 
your  textbook.  Look  carefully  at  the  Practice  Problems.  Do  the  problems  yourself  as 
you  go  through  them. 

10.  Find  the  % ionization  for  the  acids  shown  in  Table  5.2  on  page  158  of  your  textbook. 
List  the  acids  in  order  from  strongest  to  weakest. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  1. 
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On  the  surface,  weak  acids  and  bases  don't  seem  much  different  than  strong  ones. 
However,  in  Activity  2 you  will  see  that  the  weak  acids  and  bases  are  amazing 
chemicals. 


Section  3:  Weak  Acids  and  Bases  Form  Buffers 


conjugate 
base  - a base 
formed  by 
removing  a 

proton  (H+) 

from  an  acid 


conjugate  acid 

- an  acid  formed 
by  adding  a 

proton  |h+  J to 

a base 


_____  Activity  2:  Buffers 


Did  you  know  that,  in  theory,  the  amount  of  carbonic  acid  in  a can  of  pop  should  lower 
your  blood  pH  enough  to  kill  you?  The  reason  why  it  doesn't  will  be  explained  in  this 
activity. 

Weak  acids  combined  with  their  conjugate  bases  possess  a remarkable  property.  They 
can  maintain  a constant  pH  when  small  amounts  of  any  acid  or  base  are  added  to  them. 
This  maintenance  of  a constant  pH  is  called  buffering.  A buffer  consists  of  a weak  acid 
and  one  of  its  salts.  (You  may  define  it  as  a weak  acid  and  its  conjugate  base  as  well.) 
Here  is  an  example  showing  the  conjugate  base  using  acetic  acid  (vinegar). 

CH3COOH  +H20(1)  ^ CH3COO“(aq)  +H30  + (aq) 

T t 

weak  acid  conjugate  base 

You  have  seen  this  reaction  earlier  in  this  module.  It's  the  ionization  reaction  for  acetic 
acid. 

The  forward  — ^ reaction  shows  acetic  acid  donating  a proton  to  water,  so  water  is  a 
Bronsted-Lowry  base.  The  reverse  % — reaction  shows  the  acetate  ion  accepting  a 
proton  from  the  hydronium  ion.  Acetate  is,  then,  a Bronsted-Lowry  base.  It  is  the 
conjugate  base  of  acetic  acid. 

1.  Write  the  molecular  formula  for  the  conjugate  base  for  each  weak  acid  given  in  this 
chart. 


Weak  Acid 

Conjugate  Base 

H3P04(oq) 

H 2 OO  3 ( aq ) 

HF(oO 

Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  2. 


Weak  bases  can  also  act  as  buffers  when  put  into  a solution  with  their  conjugate  acid. 
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Example:  Ammonia 


NH  * , is  the  conjugate  acid  of  NH , , r 

Now  back  to  acetic  acid  and  buffering.  The  equilibrium  reaction  has  acetic  acid  forming 
acetate  ions  and  acetate  ions  forming  acetic  acid. 

CH , COOH , . +H?Chn^H30:  , +CH3COO“  , 

3 (aq)  2 (1)  X 3 (aq)  3 ( aq ) 

It  takes  both  the  weak  acid  and  the  conjugate  base  (which  comes  from  dissocation  of  a 
salt)  to  produce  a buffer. 

Normally  when  you  add  an  acid  to  a base  in  solution,  H 3 O ^ ( ions  are  formd,  which 
lowers  the  pH.  The  more  acid  added,  the  more  H 3 O T , ions  and  the  lower  the  pH. 

Here  is  how  a buffer  system  works.  In  the  acetic  acid /acetate  ion  buffer  system,  the 
acetic  acid  and  acetate  ion  act  as  reservoirs  of  neutralizing  power.  If  a small  amount  of 
strong  acid  is  added  to  a mixture  of  acetic  acid  and  acetate  ion  some  acetate  ion  is 

converted  to  acetic  acid.  This  consumes  most  of  the  H , O T , ions  and  since  acetic  acid 

3 (aq) 

does  not  ionize  very  much,  the  pH  remains  relatively  constant.  If  a small  amount  of  a 
strong  base  is  added  to  a mixture  of  acetic  acid  and  acetate  ion,  some  acetic  acid  is 

converted  to  acetate  ion.  This  consumes  most  of  the  OH  ^ , ion  and  keeps  the  pH 

relatively  the  same. 

2.  Given  the  following  buffer  system,  consisting  of  phosphoric  acid  and  its  conjugate 
base,  the  dihydrogen  phosphate  ion,  describe  how  the  buffering  action  works  when 
a strong  base  is  added  to  this  buffer  solution. 


h3po4/ 

3 4 ( aq 


H.PO" 

2 4 ( aq 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  2. 


■ 


Read  from  the  bottom  of  page  158  to  the  beginning  of  Activity  5.2  on  page  159  of  your 
textbook  and  answer  the  following  questions  about  buffer  systems. 
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3.  Write  the  equilibrium  equation  for  carbonic  acid  reacting  with  water. 

4.  Adding  OH  ~ to  the  system  causes  a reaction.  Which  substance  consumes  the  OH 
ions  and  what  is  this  substance  coverted  to? 

5.  What  is  consumed  to  help  keep  the  pH  relatively  constant? 

6.  The  ratio  of  what  two  substances  must  be  kept  relatively  constant  to  help  maintain 
the  pH. 

7.  Why  are  compounds  like  sodium  hydrogen  carbonate  used  in  upset  stomach 
remedies? 

Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  2. 


A buffer  system  can  only  resist  a 
small  addition  of  acid  or  base.  When 
titrating  a weak  acid  or  base  (with  a 
strong  acid  or  base)  and  using  a pH 
meter,  the  curve  produced  is  different 
than  the  ones  seen  in  Section  2.  As 
the  buffer  system  is  exhausted,  all  of 
the  acid  or  base  is  neutralized  by  the 
titrant. 

Look  at  the  graph  on  the  right.  It 
shows  how  the  pH  of  an  acetic  acid — 
acetate  ion  system  changes  as  sodium 
hydroxide  is  added. 

8.  Which  of  the  regions  is  showing 
buffering  action? 

9.  In  Region  III  you  see  a sharp  increase  in  pH.  What  has  occurred  there? 

10.  Describe  what  the  graph  would  look  like  in  regions  II  and  III  if  a strong  acid  like 
HC1  was  added  to  the  acetic  acid-acetate  ion  system. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  2. 





47 


Science  30:  Module  3 


The  preceding  graph  is  typical  for  a buffer  system.  Each  buffer  system  has  a certain  pH 
that  it  will  stay  at  if  it  can.  The  preceding  graph  shows  a system  that  will  stay  at  about 
pH  4. 


Read  pages  161  and  162  in  your  textbook.  Indicators  are  a special  group  of  Bronsted- 
Lowry  acids  and  bases. 

11.  What  special  property  do  indicators  have  that  makes  them  so  useful? 


■■ 

mm 


— 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  2.  \ 


As  you  can  see,  buffers  are  complicated  systems.  Buffers  contain  a weak  acid-base 
conjugate  pair.  Buffers  can  maintain  the  pH  of  a solution  at  near-constant  levels  when 
small  amounts  of  acidic  or  basic  solutions  are  added.  Buffers  are  very  important  in 
environmental  and  biological  systems.  In  the  next  activity  you  will  look  for  evidence  of 
buffering  capacity  in  your  local  environment. 


Activity  3:  Buffering  Capacity  of  the 
Environment 


Did  you  know  that  some  areas  can  withstand  more  acid  rain  than  other  areas?  This  is 
because  the  buffering  capacity  of  the  water  and  soil  can  vary  from  one  region  to  another. 
In  this  activity  you  will  investigate  the  buffering  capacity  of  water  or  soil  in  your 
locality. 
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Science 

Skills 


Investigation:  Investigating  Buffering  Capacity  of  the 
Environment 


Purpose 

Discover  whether  or  not  your  local  environment  contains  a natural  buffering  system. 


Background  Information 


In  this  experiment  you  will  compare  how  quickly  an  acid  can  lower  the  pH  of  your  local 
water  with  how  quickly  the  same  acid  can  lower  the  pH  of  distilled  water. 


PATHWAYS 


Do  Part  A or  B to  prepare  your  water  sample  depending  upon  how  easy  it  is  for 
you  to  get  a water  sample  from  a lake,  stream,  river,  or  pond  near  you.  In 
Part  A you  obtain  a water  sample  from  a lake,  stream,  river,  or  pond.  In  Part  B 
you  obtain  a soil  sample  from  which  you  will  prepare  a water  sample. 


Part  A 


In  Part  A you  will  obtain  a sample  of  local  water  froma  lake,  stream,  river,  or  pond 
(dugout)  and  prepare  it  for  testing  in  the  main  part  of  the  lab  following  Part  B.  If  it  is 
murky,  then  filter  it  as  shown. 


Folding  a filter  paper 


Filtering  the  water 
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Fold  the  filter  paper  in  half;  then  in  half  again;  then  open  on  one  side  and  put  into  a 
funnel.  Unless  the  water  is  really  dirty  you  should  be  able  to  do  just  one  filtration. 
Remember — you  want  dear  water.  Proceed  to  the  main  section  of  the  lab  after  Part  B. 

End  of  Part  A 


Part  B 

In  Part  B you  will  obtain  and  prepare  a local  soil  sample  for  testing  in  the  main  section  of 
the  lab  following  Part  B.  Get  about  30  mL  of  soil  from  a location  near  you.  Mix  it  with 
about  100  mL  of  distilled  water,  (available  from  local  drug  stores  or  grocery  stores). 

This  will  likely  be  very  muddy  water.  A series  of  filtrations  should  be  used  to  get  it 
clear.  Filter  it  through  a screen  or  cheesecloth  (from  a grocery  store)  first  to  remove  the 
large  particles.  Then  use  the  filter  paper  as  in  Part  A of  this  investigation.  Again — you 
want  clear  water.  Set  your  filtered  water  aside. 

End  of  Part  B 

The  remainder  of  the  investigation  is  to  be  completed  whether  you  obtained  your 
sample  through  either  Part  A or  Part  B. 

Materials 

The  materials  you  will  need  for  this  investigation  are 

• water  sample  (just  prepared) 

• distilled  water 

• filter  papers  and  funnel 

• 3 test  tubes  (20  mm  diameter) 

• 100  mL  beaker 

• methyl  orange  indicator 

• 0.100  mol/L  HCL  , (5  mL) 

(aq)v 

• pH  indicator  paper  (pH  1 — 14) 

• 0.100  mol/L  NaOH , , (5  mL) 

(aq) 

• eyedroppers  (2) 

• rack  to  hold  test  tubes 
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Procedure 

Step  1:  Make  a cardboard  rack  by  cutting  out  three  2 cm  holes  in  the  bottom  of  a cereal 
box  as  shown  in  the  following  diagram.  Cut  out  one  side  of  the  cereal  box  so 
you  can  see  the  test  tubes. 


Test  tube 


Cereal  box 
test  tube 
holder 


Step  2:  Get  to  know  your  indicator.  Methyl  orange  is  yellow  above  pH  4.4  and  red 
below  pH  3.2.  Find  methyl  orange  and  study  its  colours  in  the  Acid-Base 
Indicators  Colour  Chart  at  the  end  of  the  Appendix.  You  will  run  a trial  with 
distilled  water  to  get  familiar  with  these  colours.  (There  is  always  some 
judgement  required  in  deciding  just  what  red  means.) 

Step  3:  Fill  one  test  tube  | full  of  distilled  water  and  add  5 drops  of  methyl  orange  to  it. 

Study  the  colour;  it  should  be  yellow.  Compare  the  colour  to  that  for  methyl 
orange  in  the  Acid-Base  Indicators  Colour  Chart  at  the  end  of  the  Appendix  at 
about  pH  7. 

Step  4:  Rinse  the  eyedropper  several  times  with  distilled  water  after  each  use  or  add  10 
drops  of  HC1 , x to  the  water.  The  colour  you  see  should  be  red.  Again 

compare  the  colour  to  that  in  the  Acid-Base  Indicators  Colour  Chart  at  about 
pH  1 or  2. 

Step  5:  Make  a chart  like  the  one  in  the  Observations  section. 

Step  6:  Put  your  water  sample  into  the  second  test  tube  ( | full),  and  use  the  pH  paper 
to  measure  its  pH.  Record  the  pH  value  in  your  chart. 
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Step  7:  Fill  the  third  test  tube  to  the  same  level  with  distilled  water.  Adjust  the  pH  of 
this  water  to  make  it  the  same  as  your  water  sample.  ( NaOH  ^ ^ ^ will  raise  the 

pH;  HC1 , x will  lower  it.) 

r (aq) 

Note:  You  may  find  that  1 drop  of  HC1  ^ ^ or  NaOH  ^ ^ changes  the  pH  of 

the  distilled  water  beyond  what  the  pH  of  the  sample  is. 

Step  8:  Add  5 drops  of  methyl  orange  to  the  second  and  third  test  tubes. 

Step  9:  Add  HC1  ^ ^ ^ one  drop  at  a time  to  the  distilled  water.  Count  the  number  of 
drops  needed  to  change  the  indicator  colour  to  red. 

Step  10:  Do  this  for  your  sample  water  as  well. 

Note:  If  you  have  0.10  mol/L  HC1  and  0.10  mol/L  NaOH  remaining  after  you  have 
completed  this  investigation  you  may  mix  equal  volumes  of  these  two  chemicals  and 
discard  this  down  the  sink.  Any  excess  of  one  chemical  should  be  bottled  and  taken  to  a 
disposal  site. 

Observations 

1.  Complete  your  chart  by  filling  in  the  number  of  drops  of  needed  to  change 

the  indicator  colour  to  red. 


Comparing  Two  Water  Samples  for  pH  Changes 


Solution 

Measured  pH 

Number  of  drops 
of  HCI(aq)  needed 

Water  sample 

Distilled  water 

Analysis  and  Interpretation 

2.  Why  must  you  measure  and  why  must  you  adjust  the  pH  of  the  distilled  water 
before  counting  the  drops  of  acid? 

3.  A sample  of  pond  (dugout)  water  was  used  to  obtain  the  results  in  the  Appendix  for 

the  water  sample  from  Part  A.  The  pond  water  sample  required  7 drops  of  HC1  ^ ^ 

to  change  the  indicator  colour  to  red  while  the  distilled  water  required  only  1 drop 
of  HC1.  How  would  you  interpret  these  results? 
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4.  If  the  results  for  the  pond  water  sample  had  shown  only  1 or  2 drops  of  HC1  ^ ^ was 

required  to  change  the  indicator  colour  to  red,  what  would  this  indicate? 

5.  The  results  in  the  Appendix  show  that  the  water  sample  made  from  straining  a 
mixture  of  distilled  water  and  a soil  sample  required  25  drops  of  acid  to  turn  the 
indicator  colour  to  red.  What  does  this  show  about  the  buffering  capacity  of  this 
water  sample  prepared  from  the  soil  sample  as  compared  to  the  pond  water  sample? 
What  would  this  indicate  about  the  buffering  capacity  of  the  soil? 

6.  Would  everyone  in  the  province  get  results  similar  to  yours?  Explain. 

7.  Suppose  you  were  to  repeat  the  experiment  but  counted  drops  of  NaOH  ^ ^ ^ to  raise 

the  pH  instead.  Look  at  the  table  of  indicators  on  page  162  of  your  text  or  in  the 
colour  chart  at  the  end  of  the  Appendix.  What  would  you  use  instead  of  the  methyl 
orange?  Why? 

8.  What  result  would  you  expect  to  find? 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  3. 


The  buffering  effect  may  or  may  not  be  present  in  water  near  your  home,  but  it 
definitely  is  present  in  your  body!  In  Activity  4 you  will  learn  about  one  buffer  system 
in  your  blood. 


Activity  4:  A Buffer  for  Your  Blood 


The  pH  of  human  blood  stays  between  7.3  and  7.5.  If  you  have  ever  hyperventilated, 
you  experienced  the  (mild)  effects  of  having  your  blood  pH  go  outside  this  limit.  Your 
blood  has  a buffer  system  in  it  to  prevent  larger  pH  changes. 

The  major  buffer  system  in  your  blood  consists  of  carbonic  acid  and  the  bicarbonate  (or 
hydrogen  carbonate)  ion.  Reread  Buffers  Resist  Changes  in  the  pH  of  Solutions  on 
page  159  of  Visions  3 and  answer  the  following  question. 
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acidosis  - a 
condition 
whereby  the 
blood  pH  drops 
below  its  normal 
range 

alkalosis  - a 
condition 
whereby  the 
blood  pH  rises 
above  its  normal 
range 


1.  Write  the  equilibrium  equation  associated  with  this  buffer  system. 

Suppose  your  blood  pH  starts  to  drop  (because  of  disease  or  something  else);  then 
the  following  steps  occur. 


• H 3 O ^ j j rises  and  upsets  the  equilibrium 

• more  bicarbonate  ions  react  with  the  hydronium  ions  to  reduce  the  H 3 O + 
concentration  to  the  normal  level 

This  prevents  a problem  called  acidosis. 

2.  Describe  what  occurs  if  the  blood  pH  starts  to  rise.  If  the  blood  pH  level  rises  above 
7.5,  a condition  called  alkalosis  occurs. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  4. 


A change  in  blood  pH  of  0.4  up  or  down  can  be  fatal! 


There  is  a major  difference  in  the  workings  of  this  buffer  system  and  the  ones  from 
Activity  3. 

In  Activity  3 the  system  was  closed.  There  was  a finite  amount  of  the  chemicals. 

The  blood  buffer  system  is  open.  Your  body  can  regulate  the  amount  of  carbonic  acid  in 
it.  In  fact,  without  that  ability,  that  can  of  pop  you  drink  could  kill  you. 

The  following  flow  chart  describes  how  the  body  can  maintain  a constant  pH  through 
buffering  action. 
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3.  Make  and  complete  a similar  flow  chart  to  show  that  the  addition  of  a base  produces 
a net  drop  of  carbonic  acid  in  the  blood. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  4. 
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The  carbonic  acid  concentration  is  regulated  in  your  lungs  by  controlling  your  breathing 

rate.  Recall  from  Section  1 that  CO  „ , , reacts  with  water  to  form  carbonic  acid. 

2(s) 


C02(g)  +H2°(1)  H 2 CO  3 ( aq 


If  you  blood  has  too  much  carbonic  acid  in  it,  then  this  equilibrium  shifts  to  the  left  and 
the  excess  CO  2 ^ ^ is  expelled  into  your  lungs  and  out  of  your  body. 


4.  Describe  how  your  body  could  increase  its  carbonic  acid  concentration.  Hint:  Read 
the  first  half  of  page  17  in  Chapter  1 in  your  textbook. 


Your  kidneys  control  the  concentrations  of  hydronium  and  bicarbonate  ions  to  complete 
this  system,  but  the  biochemistry  involved  is  beyond  the  scope  of  this  course.  The 
environment  also  has  buffer  systems  in  it.  Activity  5 discusses  one  such  system. 


Activity  5:  Acid  Rain  Sensitivity 


The  effects  of  acid  deposition  are  felt  most  in  the 
Canadian  Shield.  The  photograph  shows  some 
effects  of  acid  rain.  Alberta  is  largely  immune  to 
these  effects.  Why?  Is  it  because  Eastern  Canada 
has  more  acid  to  deal  with?  Is  it  because  the 
environment  in  Alberta  is  buffered?  The  answer  is 
yes  to  both  of  these. 

Alberta's  geological  history  includes  several 
periods  when  it  was  an  inland  sea.  As  a result  the 
rocks  are  largely  sedimentary  and  contain  vast 
amounts  of  carbonate  rocks. 

The  Canadian  Shield  is  the  remains  of  the  oldest 
mountains  on  Earth.  Erosion  has  worn  them  down 
and  the  rock  is  primarily  silicate  in  type. 

So  what  is  the  difference  between  silicate  and 
carbonate  rocks  in  their  ability  to  buffer  the  acids  of 
acid  deposition? 
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One  answer  lies  in  the  weathering  process.  The  following  flow  charts  compare  the 
weathering  process  of  carbonate  and  silicate  rocks. 


no  cations  available 
to  neutralize  acids 


Besides  the  type  of  bedrock,  the  quantity  of  exposed  bedrock  influences  water  run  off 
and,  therefore,  acid  sensitivity. 

Another  characteristic  of  land  that  influences  its  capacity  to  neutralize  acid  deposition,  is 
its  type  of  soil.  A number  of  soil  characteristics  that  give  soil  a high  ability  to  neutralize 
acid  deposition  are  being  rich  in  carbonates,  having  a fine  texture,  and  being  deep  soil. 

Carbonates  in  bedrock  and  soil  seem  to  be  extremely  important.  For  more  information 
on  reducing  acidic  deposition,  read  pages  164  to  167  of  your  text  and  answer  the 
following  questions. 

1.  Explain,  with  the  use  of  a chemical  equation,  why  carbonate-rich  rocks  help  against 
acid  rain. 

2.  The  last  reaction  shown  on  page  166  is  at  equilibrium  except  that  the  CO 

v 8 / 

escapes  into  the  air.  What  effect  does  that  have  on  the  amount  of  H 0 CO  „ , , ? 

2 3(aq) 

3.  Based  upon  the  reaction  mentioned  in  question  2,  can  you  think  of  two  reasons  why 
acid-producing  emissions  should  be  reduced? 
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4.  Read  the  Issue-Technological  Fix  on  page  167  of  your  textbook.  What  other  ominous 
problem  may  occur  even  with  carbonate  rocks  present? 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  5. 


The  Canadian  Government  has  classified  the  risks  of  acid  rain  damage  as  shown  in  the 
following  chart.  It  shows  the  relationship  of  the  potential  to  reduce  acidity  to  soil  and 
bedrock  criteria.  Soils  less  than  1 m in  thickness  are  defined  as  "shallow"  and  unless 
otherwise  specified,  the  area  of  exposed  bedrock  is  less  than  50%. 


Potential  to 
Reduce  Acidity 

Soil  and  Bedrock  Criteria 

High 

potential 

• all  areas  underlain  by  bedrock,  such  as  limestone, 
dolomite,  and  other  carbonate-rich  rocks,  which  can 
readily  reduce  acidity 

• shallow  clay  or  carbonate-rich  soils  over  bedrock  having  a 
moderate  potential  to  reduce  acidity 

• deep  clay  and/or  carbonate-rich  soils 

Moderate 

potential 

• bedrock  having  a moderate  potential  to  reduce  acidity, 
exposed  in  at  least  50%  of  area;  includes  mafic  and 
ultramafic  rocks,  sandstone  with  carbonate  cement,  and 
fine-grained  sedimentary  rocks  such  as  shale 

• clay  or  carbonate-rich  soils  over  bedrock  having  low 
potential  to  reduce  acidity  and  50  to  75%  exposure 

• shallow,  loamy,  and/or  carbonate-poor  soils  over  bedrock 
having  a low  or  moderate  potential  to  reduce  acidity 

• shallow  carbonate-free  soils  over  bedrock  having  a 
moderate  potential  to  reduce  acidity 

• shallow  clay  or  carbonate-rich  soils  over  bedrock  having  a 
low  potential  to  reduce  acidity 

Low 

potential 

• bedrock  having  a low  potential  to  reduce  acidity  exposed 
in  75%  or  more  of  area  (e.g.,  rocks  having  a high  silica 
content;  such  as  granite  and  quartzose-sandstone) 

• deep  loamy  and/or  carbonate-poor  soils 

• deep  or  shallow  sandy  or  loamy  (carbonate-free  or 
carbonate-poor)  soils  over  bedrock  having  a low  potential 
to  reduce  acidity  and  50  to  74%  exposure 

• shallow  sand  or  carbonate-free  soils  over  bedrock  having  a 
low  potential  to  reduce  acidity 

• deep  sandy  and/or  carbonate-free  soils 
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The  following  graph  shows  the  areas  of  the  provinces  that  have  a high  potential  to 
reduce  acidity.  Study  the  graph  and  answer  the  questions  that  follow. 


Percent  Area  by  Province  with  High  Potential  to  Reduce  Acidity 

100 


80  -- 


60  -- 


40  -- 


20  -- 


^ ^ ■&'  4?  T?  Q' 
cT  ^ a 0 ^ ^ <r 


5.  What  province  is  most  immune  to  acid  rain? 

6.  What  province  is  least  immune  to  acid  rain? 

7.  What  two  conditions  must  a location  have  to  be  able  to  reduce  acidity  from  acid  rain? 

8.  The  Canadian  Shield  is  the  land  area  around  the  Hudson  Bay.  A large  part  of  Quebec 
is  within  the  Canadian  Shield.  Given  this  information,  the  information  on  the  bar 
graph,  and  the  information  in  the  preceding  chart,  what  type  of  rock  would  you  expect 
to  be  present  in  the  Canadian  Shield?  Explain. 

Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  5. 


It  is  unfortunate  that  regions  in  Eastern  Canada  that  receive 
the  greatest  exposure  to  acidic  deposition  also  have  the 
greatest  amount  of  granite  bedrock. 
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To  help  you  understand  the  problem  of  acid  deposition, 
watch  the  video  segment  Acid  Assault,  from  the  video 
series  Planet  Under  Pressure.  To  review  some  of  the  ideas 
discussed  in  the  video,  complete  the  following  questions. 


9.  What  does  the  term  acid  deposition  mean?  How  is 
acid  deposition  different  from  acid  rain? 


10.  a.  The  two  compounts  that  are  the  main  causes  of 
acid  deposition  are and 


b.  List  the  two  major  sources  of  these  emissions. 


11.  The  video  discussed  the  pH  of  various  solutions.  Fill  in  the  blanks  on  the  given 
chart  to  indicate  the  appropriate  pH  range  of  the  following  solutions: 


normal  rain  water 

distilled  water 

o 

go 

lemon  juice 

o 

CD 

acid  rain 

1 

ph  scale 


12.  Complete  the  following  chart  by  listing  two  other  examples  of  technology  used  to 
combat  the  effects  of  acid  deposition.  Describe  the  effectiveness  of  each  of  the 
examples. 


Technology 

Effectiveness 

tall  smoke  stacks 
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13.  Briefly  explain  how  acid  deposition  affects  each  of  the  following: 

a.  trees  b.  soil  c.  aquatic  animals 

14.  Why  is  the  problem  of  acid  deposition  a political  issue  in  North  America? 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  5. 


The  problem  of  acid  deposition  is  no  longer  a localized  issue.  This  spreading  problem  is 
affecting  society  and  the  environment  worldwide.  Because  acid  deposition  is  a global 
issue,  it  is  the  responsibility  of  society  as  a whole  to  see  that  something  is  done  to  solve 
the  problem. 

Follow-up  Activities 

If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is  recommended 
that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of  the  concepts,  it  is 
recommended  that  you  do  the  Enrichment. 

Extra  Help 


The  pH  of  a solution  depends  on  two  things:  concentration  of  acid  or  base  and  strength 
of  acid  or  base. 


pH  Diagram  for  an  Acid 


How  much 
has  been 
dissolved? 


Determined 
by  % 

dissociation 
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1.  What  is  the  best  combination  of  strength  and  concentration  to  make  a low  pH? 

2.  Try  to  make  a similar  diagram  for  a base.  Put  concentration,  strength,  and  pH  on  the 
same  edges  of  the  cube  as  in  the  preceding  pH  diagram. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Extra  Help. 


Acid  and  base  strength  is  measured  by  % reaction.  Strong  acids  ionize  completely 
(>99%).  Weak  acids  ionize  less  than  50%.  You  can  show  that  strong  acids  ionize 
completely  by  using  a single  arrow.  You  show  that  weak  acids  ionize  only  partially  by 
using  two  half  arrows  indicating  equilibrium  and  a third  arrow  pointing  to  the  reactants. 

Strong  Acid  Weak  Acid 

HC1(aq)  H + (aq)  +C1  (aq)  H2C°3(aq)  ^ H + (aq)  + HCO  3 (aq) 

5 t 

The  acid  donates  a proton  (H+  ion)  in  each  reaction. 


Since  the  H + ( aq ) ion  reacts  with  H20^,  these  equations  actually  look  like  the 
following: 

HC1(aq)  +H2°(1)  ^H30  + (aq)  +C1  ( a4  ) 

and 


H 2 CO  j ( aq  ) +H20(i)  H3O  (aq)  + HCO  3 (aq) 

3.  Write  similar  reactions  for  the  following  weak  acids  with  water. 


a.  CH  0 COOH , 

3 (aq. 


b.  H2S,  , 
2 (aq) 


Similarly  you  can  write  the  equations  for  the  dissociation  of  strong  and  weak  bases. 
Strong  Base  Weak  Base 


NaOH, 


aq  , 


Nat  . +OH“  . 

( aq  ) ^ ( aq  ) 


NH  / ,+H2Om 

3 ( aq ) 2 ( 1 


NH4  + (aq)  +OH"(aq) 


Hydroxide  comes 
from  the  compound. 
(Strong  bases  dissociate  completely 
(>99%).) 


Hydroxide  ions  come 
from  the  water. 

(Weak  bases  dissociate  less  than  50%. ) 
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4.  Write  equations  for  the  reaction  of  each  of  these  weak  bases  with  water, 
a.  F 


,aq 


b.  HSO 


3 (aq. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Extra  Help. 
y 6 


The  pH  and  the  concentration  of  an  acid  or  base  can  be  used  to  calculate  the  % reaction. 
Example: 


Suppose  you  have  0.100  mol/L  hydrocyanic  acid  concentration. 


HCN 


(aq) 


with  a pH 


of  5.15.  To  find  the  percent  ionization  you  need  to  use  the  following  formula: 


% ionization  = 

Then  proceed  as  shown  by  the  following. 
Hydrogen  ion  concentration. 


h,o; 


HCN, 


x 100% 


HCN 


(as! 


h3°; 

3 (aq, 


= 0.100  mol/L 

= antilog  ( - pH ) 

= antilog  (-5.15) 

= 7.079  x 10' ~6  mol/L 


% ionization 


h3°;  . 

3 (aq) 


HCN 


(aq) 


x 100% 


_ 7.079  x 10  "6  mol/L 
0.100  mol/L 

= 7.079  x 10  _3% 


x 100% 


= 0.0071%  (2  significant  digits) 
The  percent  ionization  is  0.0071%.  This  is  a very  weak  acid. 


63 


Science  30:  Module  3 


5.  Find  the  percent  ionization  of  the  following  acids. 

a.  0.100  mol/L  hydrofluoric  acid,  HF^  ^ ^ with  a pH  of  2.23. 

b.  0.100  mol/L  methanoic  acid,  HCOOH , , with  a pH  of  2.38. 

(aq)  r 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Extra  Help. 


Finally,  buffers  work  on  the 
principle  of  dynamic  equilibrium. 
In  order  to  have  a buffer  system, 
you  need  a weak  acid  and  a salt  of 
that  same  acid. 

The  buffer  system  has  the  weak 
acid  and  its  conjugate  base. 

The  carbonic  acid-bicarbonate  ion 
buffer  system  is  an  extremely 
common  and  important  one.  A 
pictorial  description  of  the 
equilibrium  equation  follows. 


: ; Put  into  ; ; 

; ; water  * ; 

V Jl 


h3o+ 

positive  ion 

+ 

+ 

conjugate  base 

conjugate  base 

H 2 CO  _ / , 

2 3 ( aq  ) 

+ 

h2o(1 

c 

4- 

Fy 

carbonic  acid 

water 

H3O  (aq)  + HCO3  (aq) 


hydronium  ion 


bicarbonate  ion 


carbon  oxygen  O hydrogen 


Here  is  how  this  buffer  system  works. 

Add  a small  amount  of  a strong  acid;  some  bicarbonate  ions  are  converted  to  carbonic 
acid.  This  consumes  most  of  the  H 3 O + ions.  Since  carbonic  acid  does  not  ionize  much, 
the  pH  remains  relatively  constant. 
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Add  a small  amount  of  a strong  base;  some  carbonic  acid  is  converted  to  bicarbonate 

ions  consuming  most  of  the  OH  “ ions.  The  pH  remains  relatively  stable  as  most  of 

the  OH  7 . ions  have  been  consumed. 

(aq) 

6.  Name  the  Bronsted-Lowry  acid  and  base  on  the  left  side  of  the  preceding  equation 
and  state  why  you  named  each  as  you  did.  (Read  the  reaction  going  from  the  left  to 
the  right.) 

7.  Name  the  Bronsted-Lowry  acid  and  base  on  the  right  side  of  the  reaction  and  state 
why  you  named  each  as  you  did.  (Read  the  reaction  going  from  the  right  to  the  left). 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Extra  Help. 


Enrichment 


Do  question  1 and  either  of  question  2 
or  3. 

Buffers  of  a particular  pH  can  be 
produced  by  combining  the  proper 
amounts  of  the  appropriate  salt  and  acid 
or  base.  The  chart  at  the  right  gives  the 
amount  of  acid  or  base  that  must  be 
added  to  the  given  salt  to  obtain  a buffer 
of  the  required  pH. 

Read  the  pH  value  from  the  particular 
column;  then  look  at  the  appropriate 
letter  below  the  columns  for  the  salt 
name  and  acid  or  base  used  to  make  the 
buffer  of  that  pH  value.  The  quantity  of 
the  acid  or  base  is  read  from  the 
appropriate  column  at  the  same  pH 
value. 


* A.  50  ml  of  0.1  mol/L  potassium  hydrogen  phthalate  + x ml  of  0.1  mol/L  NaOH 

**  B.  50  ml  of  0.1  mol/L  potassium  dihydrogen  phosphate  + x ml  of  0.1  mol/L  NaOH  ^ ^ 

***  C.  50  ml  of  0.1  mol/L  tris(hydroxymethyl)  aminomethane  + x ml  of  0.1  mol/L  HC1 

(aci) 


Values  of  pH  of  Buffer  Solutions  at  25°C 


A 

B' 

** 

C* 

i-** *** 

PH 

X 

pH 

X 

PH 

X 

4.10 

1.3 

5.80 

3.6 

7.00 

46.6 

4.20 

3.0 

5.90 

4.6 

7.10 

45.7 

4.30 

4.7 

6.00 

5.6 

7.20 

44.7 

4.40 

6.6 

6.10 

6.8 

7.30 

43.4 

4.50 

8.7 

6.20 

8.1 

7.40 

42.0 

4.60 

11.1 

6.30 

9.7 

7.50 

40.3 

4.70 

13.6 

6.40 

11.6 

7.60 

38.5 

4.80 

16.5 

6.50 

13.9 

7.70 

36.6 

4.90 

19.4 

6.60 

16.4 

7.80 

34.5 

5.00 

22.6 

6.70 

19.3 

7.90 

32.0 

5.10 

25.5 

6.80 

22.4 

8.00 

29.2 

5.20 

28.8 

6.90 

25.9 

8.10 

26.2 

5.30 

31.6 

7.00 

29.1 

8.20 

22.9 

5.40 

34.1 

7.10 

32.1 

8.30 

19.9 

5.50 

36.6 

7.20 

34.7 

8.40 

17.2 

5.60 

38.8 

7.30 

37.0 

8.50 

14.7 

5.70 

40.6 

7.40 

39.1 

8.60 

12.2 

5.80 

42.3 

7.50 

40.9 

8.70 

10.3 

5.90 

43.7 

7.60 

42.4 

8.80 

8.5 

• 

7.70 

43.5 

8.90 

7.0 

7.80 

44.5 

9.00 

5.7 

7.90 

45.3 

8.00 

46.1 
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1.  Use  the  chart  to  answer  the  following  question. 

a.  What  chemicals  must  be  used  to  produce  a buffer  with  a pH  of  6.80? 

b.  How  much  0.1  mol/L  NaOH  must  be  added  to  make  a buffer  with  a pH  of  6.80? 

c.  You  have  a buffer  with  a pH  of  4.70.  What  chemicals  and  how  much  of  each 
would  you  use  to  produce  this  buffer? 

2.  The  purple  cabbage  acid-base  indicator  was  introduced  to  you  in  Module  5 of 
Science  20.  Explain  how  you  could  make  pH  paper  with  this  indicator.  (Purple 
cabbage  contains  a chemical  called  anthocyanin  which  is  an  acid-base  indicator.) 


3.  Do  Textbook  questions  7 and  9 from  the  Know  section  on  page  188  of  Visions  3.  For 
Textbook  question  7 indicate  which  would  be  the  best  indicator  and  explain  why. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Enrichment 


Conclusion 


This  section  of  Module  3 has  focused  on  the  properties  of  weak  acids  and  bases, 
especially  their  buffering  abilities  when  used  with  a conjugate  base/ acid.  You 
established  how  a buffer  works  and  identified  a number  of  areas  where  buffer  systems 
are  important.  You  used  these  principles  to  theorize  why  acidic  deposition  is  a greater 
problem  in  Eastern  Canada  than  in  Western  Canada. 


Now  that  you  know  more  about  acids  and  bases,  you  will  use  this  knowledge  (and  other 
chemistry)  to  search  for  solutions  to  pollution  problems. 


66 


Section 


The  Search  for 
Solutions 


WESTFILE  INC. 


WESTFILE  INC. 


All  this  doom  and  gloom!  Is  this  the  end?  Is  the  Earth  poisoned  so  badly  that  it  can't 
heal?  Let's  hope  not!  Society  can  continue  to  use  the  same  technology  it  does  today  and 
continue  to  create  pollution  problems  that  have  to  be  fixed,  or  society  can  develop  new 
technology  to  reduce  or  eliminate  pollution.  The  kind  of  future  you  will  enjoy  depends 
on  decisions  you  make  starting  today. 

In  this  section  you  will  apply  what  you  learned  in  the  previous  two  sections  to  the 
problems  that  were  introduced  in  Section  1 and  analyse  the  technology  that  has  been 
developed  to  solve  them.  In  Activity  1 you  will  establish  what  types  of  pollution 
problems  exist,  while  in  Activity  2 you  will  examine  some  ways  of  fixing  pollution 
problems.  In  Activity  3 you  analyse  a number  of  ways  of  eliminating  pollution  before  it 
occurs. 
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photon  - a 
quantum  (bundle) 
of  radiant  energy 


fluorescence  - 

emission  of 
visible  light 
caused  by 
absorption  of 
ultraviolet  (UV) 
radiation 


— ■—  Activity  1:  Monitoring  the  Problems 


The  first  step  in  cleaning  up  a pollutant  is  to  know  where  it  is  and  in  what  concentration 
it  is  found. 

Look  at  Table  5.5  on  page  179  of  your  textbook.  Five  of  the  six  tests  shown  depend  on 
absorption  and  emission  of  light  and  other  electromagnetic  radiation  (ultraviolet  and 
infrared  mostly.)  You  will  study  the  electromagnetic  spectrum  in  Module  6 of  this 
course. 

The  reason  tests  like  these  are  used  is  that  each  chemical  bond  has  a certain  strength  and 
each  electron  in  an  atom  has  a particular  energy  level.  You  must  add  a certain  quantity 
of  energy  to  break  a bond,  or  to  move  electrons  to  higher  energy  levels  than  their  normal 
ones.  The  following  diagram  illustrates  how  molecules  gain  and  lose  a photon  of 
energy. 


(low  energy) 

When  a substance  absorbs  energy, 
it  goes  to  a higher  energy  level. 


(low  energy) 

When  a substance  emits  energy, 
it  goes  to  a lower  energy  level. 


Each  molecule  has  a well-defined  set  of  energy  levels  that  its  electrons  can  exist  in. 

These  energy  level  "sets"  are  different  for  each  molecule  and  can  be  used  as 
"fingerprints"  to  identify  the  substances.  The  quantity  of  energy  used  to  break  chemical 
bonds  can  be  used  in  a similar  way  to  identify  substances. 

1.  Which  substances  are  detected  by  the  process  of  fluorescence? 

2.  Which  substances  are  detected  by  the  energy  release  of  chemical  bonds  forming? 
(Chemical  reactions  involve  the  breaking  and  forming  of  chemical  bonds.) 


Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Activity  1. 
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These  technical  means  of  detecting  substances  are  constantly 
being  improved  or  replaced  by  newer  tests. 

Another  method  to  measure  pollution  is  to  take  samples  of  air 
or  water  and  run  chemical  tests  on  them.  The  following  are 
examples  of  simple  chemical  tests.  You  can  make  a pH 
indicator  that  works  over  a wide  range  of  pH  values,  by 
mixing  together  several  short-range  indicators.  A 
particular  soil  test  kit  (Lamotte)  uses  a sodium  acetate- 
acetic  acid  buffer  solution  to  extract  phosphorus  from  soil. 

Since  chemists  have  tests  for  the  presence  of  many 
chemicals,  a series  of  reactions  can  be  done  to  find  out  what  is 
in  a sample  of  soil,  air,  or  water. 


Suppose  you  were  to  go  to  a pond  and  do  an  analysis  of  the  water.  The  purpose  might 
be  as  follows. 

Purpose 

Find  out  the  effects  of  acidification  on  the  organisms  in  a pond. 


Procedure 


Suppose,  too,  that  you  have  a kit  that  tests  for  the  following  things: 
•pH 

• dissolved  CO  „ , , 

2(g) 

• dissolved  O „ , , 

2 ( g ) 

• hardness  (Hard  water  buffers  an  acid.) 

3.  Write  a brief  procedure  for  your  experiment. 

4.  What  would  a manipulated  variable  be? 

5.  What  would  the  responding  variable  be? 

6.  List  a few  variables  that  must  be  controlled. 


Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Activity  1. 
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Here  are  the  observations  from  a similar  experiment. 

Observations 


pH  above  6.0 

1 . Fish— fathead  minnow,  slimy  sculpin,  lake  whitefish,  lake  trout,  white 
sucker,  walleye,  yellow  perch,  brook  trout 

2.  Algae— no  algae  mat  growing  on  bottom  of  the  lake  nor  on  the  edge  of 
the  lake;  picture  showing  vascular  plant  growth 

3.  Zooplankton  and  phytoplankton  (floating  free  in  water),  microscopic 
water  fleas,  and  other  genera  such  as  copepods 

4.  Zoobenthos  (bottom  of  the  lake)  crayfish,  leeches,  snails  and  mayflies 

5.  Amphibians— frogs,  and  toads  of  Alberta  genera 

6.  Birds— loons,  osprey,  ring-necked  duck,  and  tree  swallow 
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pH  between  6.0  and  5.6 

1 . Fish— lake  whitefish,  lake  trout  white  sucker,  walleye,  yellow  perch,  brook 
trout 

2.  Algae— start  of  algae  mat  growing  on  bottom  of  the  lake  and  on  the 
edge  of  the  lake;  some  growth  of  algae  mat  on  vascular  plants 

3.  Zooplankton  and  phytoplankton  (floating  free  in  water),  microscopic 
copepods,  slight  change  in  phytoplankton  diversity 

4.  Zoobenthos  (bottom  of  the  lake)  leeches,  fewer  snails,  and  fewer  mayflies 

5.  Amphibians— frogs  and  toads  of  Alberta  genera 

6.  Birds— osprey,  ring-necked  duck,  and  tree  swallow 
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pH  between  5.5  and  5.1 

1 . Fish— yellow  perch,  brook  trout 

2.  Algae— more  algae  mat  growing  on  bottom  of  the  lake  and  on  the  edge 
of  the  lake,  also  show  growth  of  algae  on  a decreased  vascular  plant 
population 

3.  Zooplankton  and  phytoplankton  (floating  free  in  water),  decline  in  all 
genera,  increase  in  the  dinoflagellate  population 

4.  Zoobenthos  (bottom  of  the  lake)  fewer  mayflies 

5.  Amphibians— frogs,  and  toads  of  Alberta  genera 

6.  Birds— tree  swallow 
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pH  between  5.0  and  4.0 

1 . Fish— none 

2.  Algae— extensive  algae  growing  on  bottom  of  the  lake  and  on  the  edge 
of  the  lake,  no  vascular  plants 

3.  Zooplankton  and  phytoplankton  (floating  free  in  water),  large 
dinoflagellate  population,  little  diversity  in  genera 

4.  Zoobenthos  (bottom  of  the  lake)  very  few  mayflies 

5.  Amphibians— none 

6.  Birds— none 
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Analysis  and  Interpretation 

7.  Below  what  pH  value  are  the  effects  of  acidic  deposition  on  an  aquatic  system  very 
noticeable? 


8.  Suppose  that  someone  claimed  that  acid  rain  isn't  a problem  in  their  area  because 
the  fish  in  the  lakes  seem  fine.  How  would  you  respond? 


9.  Give  two  reasons  why  an  experiment  of  this  type  should  be  run  throughout  an 
entire  year. 


Read  the  section  on  pages  184  and  185  of  your  textbook  titled  Career  Air,  Soil  and  Water 
Quality  Control  and  answer  the  following  question. 


10.  What  types  of  subjects  do  you  think  you  would  need  to  study  to  be  successful  in 
this  field? 


Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Activity  1. 


In  this  activity  you  have  identified  some  of  the  ways  in  which  pollution  can  be 
monitored. 

In  Activity  2 you  will  begin  to  explore  possible  ways  to  fix  the  problems  that  have  been 
created. 


gnHi  Activity  2:  Technological  Fixes 


You  may  want  to  see  pollution  stopped,  but  you  probably  also  want  to  maintain  your 
standard  of  living.  Are  there  ways  to  help  fix  the  situation?  The  answer  is  yes — up  to  a 
point.  Here  are  some  fixes  that  are  used  today  or  have  been  proposed. 

Strategy  1 —Repair  the  damage. 

The  following  are  ways  to  repair  the  damage  caused  by  pollution. 

• Add  lime  to  acidified  lakes  to  restore  their  pH.  Allow  time  for  food  buildup  and 
restock  the  lakes  with  new  fish. 

• Fix  the  bridges,  statues,  and  buildings  with  new  concrete,  marble,  steel,  or 
whatever  material  is  necessary.  Coat  them  with  acid-resistant  substances. 
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Launch  satellites  to  inject  tonnes  of  ozone  into  the  stratosphere  to  repair  the  ozone 
layer. 


Section  4:  The  Search  for  Solutions 


1 . Do  you  see  anything  wrong  with  this  approach? 

2.  When  is  this  the  correct  approach? 


Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Activity  2. 


Strategy  2— Control  the  pollutant  at  the  source. 

The  following  are  ways  to  control  pollution. 

• Reduce  sulphur  content  of  coal. 

• Capture  sulphur  emissions  as  they  are  produced  during  combustion. 

• Insure  more  efficient  combustion  in  vehicles  such  as  cars,  trucks,  and  planes. 

• Use  refrigerants  other  than  CFCs. 

Read  from  the  bottom  of  page  167  to  the  top  of  page  170  of  your  textbook.  This  passage 
describes  a number  of  technological  fixes  to  reduce  sulphur  dioxide  emissions.  Use  the 
information  to  answer  questions  3,  4,  and  5. 

3.  How  can  the  sulphur  content  of  coal  be  reduced? 

4.  a.  State  the  two  methods  of  "scrubbing"  sulphur  emissions  and  briefly  explain  how 

these  methods  work. 

b.  Write  the  equation  for  each  method. 

5.  Why  don't  all  coal-burning  stations  use  this  technology? 

6.  Read  pages  171  and  172  of  your  textbook.  The  catalytic  converter  found  on  newer 
cars  is  a successful  technological  fix.  The  two-stage  converter  has  solved  problems 
that  the  original  converter  had.  What  difference  makes  it  acceptable  to  drivers? 


(Sill 


Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Activity  2. 


The  quantity  of  non-desirable  or  pollution-causing  compounds  in  many  industrial 
processes  can  be  quite  large. 

To  get  an  idea  of  how  difficult  or  expensive  techniques  of  pollution  control  at  the  source 
are,  you  can  calculate  just  how  much  of  these  chemicals  are  produced  or  how  much  of 
other  chemicals  you  would  need  to  control  the  pollution. 


Science  30:  Module  3 


■ Read  through  the  example  problem  on  page  170  of  your  textbook. 

7.  Do  Problem  1 on  page  171  of  your  textbook. 

8.  What  mass  of  lime  | Ca  ( OH ) 2 ( s } ) would  you  need  to  raise  the  pH  of  a body  of 

water  from  4.0  to  6.0  if  the  body  of  water  contains  5.0  x 10 8 L of  water?  Assume  you 
are  neutralizing  sulphuric  acid.  The  reaction  is  as  follows. 

Ca(OH),,  , +2H,o;  , ->Ca,2+  v +4H,Om 

V ’ 2 ( s ) 3 ( aq ) ( aq ) 2 ( 1 ) 


9.  Most  of  Alberta's  SO  2 ^ g ^ emissions  come  from  burning  sour  gas  (hydrogen 
sulphide).  The  reaction  is  as  follows: 

2H2S,  x + 3 O _ / x — > 2H2CC  x +2 SO  , x 

2 (g) * 1  2(g)  2 (g)  2(g) 

If  these  SO  2 ^ emissions  could  be  contained  and  then  reacted  with  more  hydrogen 

sulphide  ( H 2 S ),  the  products  would  be  elemental  sulphur  and  water  vapour.  What 

mass  of  sulphur  could  be  recovered  from  capturing  1 .00  t of  SO  2 , 2 (Use  S g ( s ) for 

sulphur.) 


” turning  to  the  Appendix,  ‘ 


:tion4:  Activity  2. 


Check  your  answers  b 




« 


The  technological  fix  is  the  way  that  humans  have  chosen  to  go.  It  has  worked  in  the 
past  but  it  seems  that  is  may  not  work  much  longer.  In  the  last  activity  in  this  section 
you  will  explore  how  pollution  could  be  reduced  at  the  source. 


HHg^  Activity  3:  Treat  the  Cause 


The  world's  number  one  polluter  of  air  is  the  automobile.  There  are  millions  and 
millions  of  them  on  the  roads  every  day  of  the  year.  They're  not  always  in  tune  and 
there  are  still  many  old  vehicles  with  no  catalytic  converters.  Vehicles  of  the  1990s  are 
far  superior  to  vehicles  of  the  1960s.  They  are  more  fuel  efficient,  and  emit  far  less 
pollution. 

1.  Cars  used  to  emit  lead  compounds  since  lead  was  put  into  gasoline  to  improve  its 
octane  rating.  How  has  this  problem  been  solved  in  Canada? 

2.  Name  two  more  things  that  could  be  done  to  reduce  the  impact  that  cars  have  on  the 
air. 


76 


Section  4:  The  Search  for  Solutions 


Sometimes  people  don't  like  to  hear  this,  but  carpooling  to  and  from  work  is  probably 
the  best  thing  they  could  do  to  help  out  the  air  pollution  problem.  What  about  the  acid 
rain  problem?  Could  electricity  be  produced  by  hydroelectric  power  instead  of  coal- 
fired  power  stations?  How  about  nuclear  power?  Not  only  are  there  no  sulphur 
emissions,  but  there  are  no  CO  2 , g ^ emissions  either.  Or  maybe  electricity  could  be 

produced  with  solar  power,  wind  power,  or  tidal  power.  These  alternatives  are 
completely  non-polluting.  All  of  these  have  advantages  and  disadvantages.  Look  at  the 
following  chart  of  methods  used  to  produce  electric  power. 


Power  Generation 
Type 

Energy 

Source 

Reasons  to  Use  This  Kind  of 
Electrical  Generation 

coal  fired 

combustion  of  coal 

inexpensive  where  coal 
deposits  exist 

natural  gas 

combustion  of 
methane 

no  sulphur  emissions 

hydroelectric 

falling  water 

no  sulphur  or  other 
combustion  emissions 

nuclear 

fission  of  uranium 

no  sulphur  or  other  chemical  emissions 

solar 

silicon  solar  cells 

no  emissions  of  any  kind 

3.  List  one  reason  not  to  use  each  of  these  power  generation  methods. 

4.  Alberta  produces  over  90%  of  its  electricity  by  coal-fired  powerstations.  British 
Columbia  produces  most  of  its  power  by  hydroelectric  stations.  France  produces 
over  50%  of  its  power  by  nuclear  power  stations.  What  factors  come  in  to  play  when 
power  generation  methods  are  planned? 

Solar,  wind,  and  tidal  power  stations  exist  in  various  places  around  the  world,  but  they 
produce  tiny  percentages  of  the  total  energy  produced.  Some  of  these  alternatives  will 
be  discussed  in  more  detail  in  Module  8. 

5.  Think  of  two  reasons  for  this  low  use  of  these  clean  sources  of  energy. 


Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Activity  3. 


One  group  of  chemicals  that  can  only  be  handled  by  eliminating  them  are  the  CFCs. 

They  are  100%  synthetic  and  cause  two  problems.  They  are  extremely  efficient 
greenhouse  gases,  and  they  are  eroding  the  ozone  layer.  The  Montreal  Protocol  has  been 
amended  twice  to  speed  up  their  elimination  time. 
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A PATHWAYS 


: you  have  access  to  the  video  Planet  Under  Pressure:  Ozone,  T.  V.  Ontario,  ACCESS 
Network  1991,  do  Part  A.  If  you  do  not  have  access  to  this  video,  do  Part  B. 


Part  A 

To  learn  more  about  CFCs,  the  problems  these  chemicals  have  caused,  and  what  is  being 

done  about  them,  watch  the  video  Planet  Under  Pressure:  Ozone,  TV  Ontario,  ACCESS 

Network  and  answer  the  following  questions.  This  video  may  be  purchased  from  the 

Learning  Resources  Distributing  Centre  or  borrowed  from  your  local  library. 

6.  How  do  CFCs  damage  the  ozone  layer? 

7.  What  happens  to  the  CFC  molecules  when  they  are  released  into  the  atmosphere? 

8.  Why  is  chlorine  such  a problem  in  the  ozone  layer? 

9.  Ozone  damage  was  first  detected  over  the  Antarctic  in  1981.  What  happened  to  the 
ozone  layer  in  this  region  over  the  next  five  years? 

10.  Why  is  the  damage  greatest  over  the  Antarctic? 

11.  What  is  the  Montreal  Protocol? 

Part  B 

Read  page  183  and  the  Case  Study  on  page  184  in  Visions  3 and  answer  the  following 

questions. 

12.  Do  question  11  of  Part  A. 

13.  Why  are  hydrochloroflurocarbons  (HCFCs)  more  acceptable  as  refrigerants  than 
CFCs? 

14.  List  two  disadvantages  of  HCFCs. 

15.  Explain  why  the  most  serious  ozone  destruction  is  occurring  over  the  two  most 
frigid  parts  of  the  world  even  though  there  are  few  air  conditioners  and 
refrigerators  in  these  regions.  Write  a well-organized  paragraph  presenting  your 
explanation. 


Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Activity  3. 


Section  4:  The  Search  for  Solutions 


Follow-up  Activities 

If  you  had  difficulties  understanding  the  concepts  in  the  activities  it  is  recommended 
that  you  do  the  Extra  help.  If  you  have  a clear  understanding  of  the  concepts,  it  is 
recommended  that  you  do  the  Enrichment. 

Extra  Help 

For  years  the  United  States  stalled  on  taking  action  on  acid  rain.  Laboratory 
experiments  weren't  conclusively  showing  that  fish  were  dying  yet.  They  wanted  to 
study  the  phenomenon  some  more. 


PATHWAYS 


If  you  have  access  to  the  video,  Acid  Rain:  A North  American  Challenge , ACCESS 
Network,  do  Part  A.  If  you  do  not  have  access  to  the  video,  do  Part  B. 


Part  A 

Watch  the  video.  Acid  Rain:  A North  American  Challenge,  ACCESS  Network. 

Part  B 

■ Read  page  165  of  your  text  and  answer  questions  1 to  3.  David  Schindler's  experiments 
went  a long  way  toward  changing  the  United  States'  view  of  acid  rain. 

i.  What  did  Schindler's  experiments  find  that  changed  opinions  on  acid  rain? 

2.  Predict  why  the  detection  of  pollutants,  even  in  low  concentrations,  is  important? 

3.  Why  is  ecological  science  so  important? 

Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Extra  Help. 
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Study  the  following  flow  chart. 


Society  invents  a 
technology  to 
meet  the  need. 


The  need  is  satisfied. 
Oops.  Society  has 
polluted  the 
environment. 


Society  has  a new  need— to 
fix  the  damage. 


4.  What  difficulty  does  this  chart  illustrate? 

Now  study  this  flow  chart  and  compare  it  to  the  preceding  one. 


Society  knows  the 
technology  to 
satisfy  this  need 
causes  problems. 


The  need  is 
satisfied. 


Society  invents  a 
technology  that 
doesn't  create  problems. 


5.  Why  is  this  a better  approach  than  the  previous  one? 

6.  Find  one  example  of  each  of  these  strategies  from  Section  4:  Activity  2 of  this 
module. 


Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Extra  Help. 
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Using  new  fuels  that  don't  pollute  as  much  is  one  way  to  solve  vehicle  emission 
pollution  problems.  Hydrogen  and  methanol  are  two  fuels  that  are  being  tested  in 
automobiles. 


7.  a.  Write  the  reaction  for  the  combustion  of  hydrogen. 

b.  Why  is  hydrogen  considered  a good  fuel  to  help  maintain  a pollution-free 
environment? 


8.  Write  the  reaction  for  the  (complete)  combustion  of  methanol  ^ CH  3 OH  ^ { 


9.  Which  fuel  is  better  from  an  ecological  perspective?  Why? 


!■ 


■ . • ' 


Missi 


■ 


Chock  your  answers  by  turning  to  the  Appendix,  Section  4:  Extra  Help. 


Enrichment 

Do  one  of  the  following  activities. 


1.  Consider  this  scenario.  A coal-fired  power  plant  burns  350  tonnes  of  coal  per  hour. 
The  coal  is  3.8%  sulphur  (fairly  high)  so  scrubbers  are  installed.  A rectangular  water 
impoundment  (a  lake)  is  constructed  for  cooling  water.  This  lake  is  used  for 
recreational  purposes  as  well,  including  fishing.  The  lake's  dimensions  are 

1000  m x 500  m and  it  is  20  m deep.  Now  an  emergency  occurs.  The  scrubbers 
break  down.  It  takes  24  h to  bring  them  back  on  line.  The  plant  keeps  running 
during  this  time  as  the  electricity  it  produces  is  needed.  Assume  that  0.10%  of  the 
acid  produced  falls  on  the  lake  and  is  absorbed  by  it.  If  the  water  in  the  lake  was  at 
pH  6.7  when  this  accident  occurred,  is  the  life  in  the  lake  threatened?  A pH  of  below 
6.0  can  be  life  threatening  to  some  fish  and  small  aquatic  life.  Use  the  table  on 
page  140  of  Visions  3 to  help  you  make  your  assessment  as  to  whether  the  pH  level  is 

threatening  to  fish.  Assume  all  of  the  H „ SO  , , ionizes  to  H . O * , and  SO 2?  , 

ions. 

2.  Do  some  research  on  why  France  has  chosen  to  rely  so  heavily  upon  nuclear  power. 
Is  their  decision  a political,  economic,  military,  or  geographic  one? 


Check  your  answers  by  turning  to  the  Appendix,  Section  4:  Enrichment. 
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Conclusion 


In  this  section  you  have  seen  some  of  the  ways  that  the  environment  is  being  polluted 
and  some  of  the  ways  that  the  environmental  cleanup  has  begun.  In  Module  4 of  this 
course  you  will  look  at  problems  associated  with  organic  chemicals.  How  all  these 
problems  are  dealt  with  will  depend  on  how  well  industry  and  government  respond  to 
the  demands  of  society  as  well  as  how  well  individuals  cooperate  by  reusing  and 
recycling  products. 


— - ASSIGNMENT  V 


Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  4. 


\ 


MODULE  SUMMARY 


In  this  module  you  have  looked  at  some  of  the  more  important  pollution  problems  and 
how  to  go  about  solving  them.  You  learned  what  acids  and  bases  are,  the  differences 
between  strong  and  weak  acids,  and  how  weak  acids  can  be  used  in  buffer  systems. 
With  this  knowledge,  you  are  now  prepared  to  look  at  a new  class  of  chemicals  in  the 
next  module. 
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_____  Glossary 


acid:  A chemical  which  increases  the  hydrogen  ion 
concentration  in  water  (Arrhenius)  or  a proton 
donor  (Bronsted-Lowry) 

acid-base  indicator:  a chemical  that  changes  colour 
over  a certain  pH  range 

acid  deposition:  the  depositing  of  acids  or  acid- 
forming substances  on  the  ground 

acidosis:  a condition  whereby  the  blood  pH  drops 
below  its  normal  range 

alkalosis:  a condition  whereby  the  blood  pH  rises 
above  its  normal  range 

base:  a chemical  which  increases  the  hydroxide  ion 
concentration  in  water  (Arrhenius)  or  a proton 
acceptor  (Bronsted-Lowry) 

biological  magnification:  the  process  of  increasing 
the  concentration  of  a substance  as  it  moves  up  a 
food  chain 

buffer  system:  a chemical  system  that  can  maintain  a 
fairly  constant  pH  when  small  amounts  of  acids 
and  bases  are  added  to  it;  comprised  of  a weak 
acid  and  its  conjugate  base  (or  weak  base  and  its 
conjugate  acid) 

catalysis:  the  loosening  of  the  chemical  bonds  of  two 
or  more  reactants  by  another  substance  so  as  to 
speed  up  the  reaction 

conjugate  acid:  an  acid  formed  by  adding  a proton 
| H + J to  a base 

conjugate  base:  a base  formed  by  removing  a proton 
| H + J from  an  acid 

dynamic  equilibrium:  a state  in  a chemical  reaction 
when  a chemical  reaction  is  going  in  both 
directions  at  the  same  rate 

eutrophication:  loss  of  oxygen  in  water  due  to  excess 
algae  growth 


fluorescence:  emission  of  visible  light  caused  by 
absorption  of  UV  radiation 

herbicide:  a chemical  used  to  destroy  plants  (usually 
weeds) 

hydronium  ion:  a hydrated  hydrogen  ion,  or  an  ion 
formed  when  water  has  a proton  added  to  it 

ionization  reaction:  a reaction  in  which  a chemical 
substance  separates  into  ions  in  a solution 

nitrates:  compounds  that  contain  the  nitrate  ion, 

no3- 

For  example  sodium  nitrate,  NaNO  3 ^ 

NO  x:  a symbol  to  represent  nitrogen  oxides; 
for  example,  NO  or  NO  2 

ozone:  a form  of  oxygen  with  three  oxygen  atoms 


percent  dissociation:  the  percent  of  acid  or  base  ions 
that  form  compared  to  the  maximum  that  could 
form 

pesticide:  a chemical  used  to  destroy  pests  (usually 
insects) 

phosphates:  compounds  containing  the  phosphate 
ion,  P043- 

For  example:  sodium  phosphate  Na3P04^g\ 

photochemical  smog:  smoky  or  hazy  condition  of  the 
atmosphere  in  cities  or  heavy  industrial  areas  due 
to  the  action  of  sunlight  vehicle  exhaust  gases  and 
factory  pollution 

photon:  a quantum  (bundle)  of  radiant  energy 

pH:  the  negative  logarithm  of  the  hydronium 

concentration;  a number  representing  the  acidity 
of  a solution 
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primary  pollutant:  a pollutant  that  is  put  into  the 
environment  in  its  final  form  by  some  human 
process 

salt:  an  ionic  compound  formed  by  the  reaction  of  an 
acid  and  a base 

secondary  pollutant:  a pollutant  that  forms  as  a result 
of  chemical  reactions  involving  primary  pollutants 

standard  solution:  a solution  with  a known 
concentration 

strong  acid:  an  acid  that  dissociates  completely 

strong  base:  a base  that  dissociates  completely 


titrant:  the  solution  in  the  buret  in  a titration 

titration:  the  precise  addition  of  a solution  of  known 
concentration  into  a measured  volume  of  a sample 
solution  to  find  the  concentration  of  the  sample 
solution 

volatile  organic  compounds:  organic  compounds  that 
vaporize  easily  at  ordinary  temperatures 

weak  acid:  an  acid  that  dissociates  less  than  50% 

weak  base:  a base  that  dissociates  less  than  50% 


______  Suggested  Answers 


Section  1 : Activity  1 

1 . Results  will  vary. 

2.  Again,  answers  will  vary.  One  opinion  is  that  any  amount,  no  matter  how  small,  constitutes  pollution. 
Another  is  that  pollution  exists  when  its  effects  become  detectable. 

3.  This  question  is  linked  to  question  2.  Did  your  choice  for  question  2 agree  with  your  opinion  for  question  3? 

4.  Glass  2 is  ^ tbsp/ glass  or  0.1  tbsp/ glass. 

Glass  3 is  ^ tbsp/glass  or  0.01  tbsp/glass. 

Glass  8 is  ~1QQ  0q0  qoq  tbsp/glass  or  0.00000001  tbsp/glass. 

5.  No,  the  definition  doesn't  count  natural  processes. 

6.  Substances  that  are  harmful  in  one  place  are  not  harmful  (and  are  often  helpful)  in  other  places. 

7.  Society  has  very  little  control  over  natural  pollution.  It  does,  however,  have  control  over  synthetic  pollution. 

Section  1 : Activity  2 

1.  There  is  TSP  cleaner  (trisodium  phosphate).  Many  detergents  are  now  phosphate  free.  All  plant  foods 
(fertilizers)  have  nitrates  and/or  phosphates. 

2.  ( NH  4 ) 3 PO  4 ^ s j — ammonium  phosphate 
KNO  3 ^ s ^ — potassium  nitrate 
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3.  Farmers  should  watch  for  these  chemicals  getting  into  ground  water  or  surface  water  as  they  could  damage 
nearby  ecosystems.  Animals  should  not  be  watered  directly  from  dugouts  and  excess  manure  in  feedlots 
should  be  spread  on  fields  as  often  as  possible. 

4.  The  newer  pesticides  could  be  made  to  break  down  in  days  or  weeks  rather  than  years.  Pesticides  could  also 
be  made  to  be  insoluble  in  fat. 

5.  Advantages:  • There  would  be  less  pollution. 

• There  would  be  no  toxic  chemicals  on  produce. 

Disadvantages:  • Produce  won't  look  "perfect." 

• Yields  might  be  lower. 

• This  method  is  more  labour  intensive. 

(You  may  have  found  others  too.) 


Section  1 : Activity  3 

1.  O,,  ,->20,  , (or O , , + UV  — > 2 O , J 

2(g)  (g)  V 2(g)  (g)  > 


2.  O / \ + O „ t \ — > O,/ 

(g)  2(s)  3(g) 


3.  0~/  x— >0_/  , + O , i or O , , + UV  — > O , , + O , 

3(g)  2(g)  (g)  \ 3(g)  2(g)  (g. 


4.  CP  \ +0„,  \ — > CIO / \ +O0 
(g)  3(g)  (g)  21 


Cl  + 


and 


CIO  / , + O / \ — > Cl  / \ + O „ / 

(g)  (g)  (g)  2(g_ 


@^©+(^s) 


5.  They  are  non-toxic,  easy  and  inexpensive  to  make,  and  work  extremely  well  as  refrigerants. 

6.  NO0/  \ — > NO  / % + O / , 

2(g)  (g)  (g) 

2(g)  (g)  (g)  2(g) 


8.  OH - + OH “ — > H ? O / , +0,  l +2e' 

2 (g)  (g) 


9.  HNO  , ^ +e“  — >NO  , , +OH 

3(g)  2(g) 
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Section  1 : Activity  4 


L.  N 


2(g; 


+ 2 0,  , — > 2 NO  , 

2(g)  2 ( g 


N 


2(g) 


0?,  , — > 2 NO,  , 

2(g)  (g) 


3.  A photochemical  reaction  is  one  that  uses  the  energy  of  light  to  make  the  reaction  proceed. 


1.  Ozone  results  when  O , , reacts  with  O , You  need  to  have  both  present  to  produce  ozone.  The 

2(g)  (g)  r r 

decomposition  of  NO  2 gives  the  required  free  oxygen. 


?.  The  smog  would  be  worst  in  midday  to  early  afternoon. 

3.  There  are  fewer  cars  on  the  road  and  not  enough  sunlight  to  begin  the  ozone-making  process. 

1 . Air  (and  water)  pollutants  don't  respect  political  boundaries.  The  two  American  cities  cited  are  located  just 
south  of  the  Ontario  border  and  cause  most  of  the  ozone  episodes  from  Windsor  to  Toronto,  and  much  of  the 
rest,  up  to  Quebec  city.  The  weather  patterns  there  bring  the  pollution  northeast  into  Canada. 

3.  High  inland  temperatures,  clear  skies,  calm  weather,  and  exhaust  emissions  are  needed  to  produce  an 
episode.  Victoria  isn't  very  hot  and  its  air  is  not  stagnant  very  often  due  to  ocean  and  land  breezes. 

Section  1 : Activity  5 

L C°2(g)  +H2°(1)  ->H2C03(aq) 

carbonic  acid 


l.  The  burning  of  sulphur  in  the  Smoking  Hills  releases  sulphur  dioxide.  Volcanoes  contribute  sulphur  dioxide, 
while  certain  soil  bacteria  contribute  nitrogen  oxides  as  well. 

3.  N02:  car  exhaust 

SO  2 : burning  sulphur  compounds  (smelting,  burning  coal) 


L S8(s)  +802(g)  8 SO  2(g) 

5.  2H2S(g)+302(g)^2S02(g)+2H20(g) 

5.  Eastern  Canadian  coal  has  a higher  sulphur  content  than  Alberta  coal. 
7.  2CuS(s)  +302^  ->2CuO(s)  +2S02^ 


3. 


The  common  idea  is  concentration.  Both  show  that  acid  deposition  problems  occur  when  pollutants  become 
highly  concentrated  in  a given  region. 
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Section  1 : Follow-up  Activities 
Extra  Help 


1.  a.  phosphates — water 

b.  nitrates — water 

c.  ozone — air  (on  the  ground) 

d.  VOCs — air 


e.  CFCs — air 

f.  NO  x— both 

g.  SO  2 — both 


2.  a.  Ozone  is  a pollutant  near  the  ground.  It  isn't  a pollutant  in  the  stratosphere. 

b.  CFCs  are  pollutants  in  the  atmosphere  (especially  in  the  stratosphere.)  They  aren't  pollutants  inside 
refrigeration  systems. 

3.  a.  These  equations  show  how  chlorine  can  destroy  ozone  by  catalysis.  (A  catalyst  is  a chemical  that  aids  a 

reaction  without  being  changed  itself.) 

b.  Here,  nitrogen  is  oxidized  to  form  nitrogen  monoxide.  The  nitrogen  monoxide  is  further  oxidized  to 
form  nitrogen  dioxide  (which  can  increase  the  amount  of  acid  rain  and  smog  produced.) 

c.  These  reactions  show  two  ways  that  sulphur  dioxide  is  formed.  The  first  is  by  burning  (or  flaring)  sour 
gas  and  the  second  is  by  burning  sulphur  itself. 

d.  The  formation  of  acid  precipitation  is  shown  here.  Both  SO  2 and  NO  2 react  with  water  to  form  acids 
(sulphurous  acid  and  nitrous  acid  respectively). 


Enrichment 


1.  You  probably  won't  find  out  the  ingredients  used  (those  are  product  secrets)  but  most  companies  will  send 
you  pamphlets  with  general  information  on  them. 

2.  Suggested  references:  Environment  Canada  fact  sheets,  "Healing  Gaia,"  James  Lovelock 

Look  for  a connection  to  NASA's  space  shuttle.  You  may  wish  to  write  to  the  following  address  to  obtain  this 
information. 


Environment  Canada 
10  Wellington  Street 
Hull,  Quebec 
K1A  0H3 


3.  The  phone  number  for  the  meteorology  departments  is  found  under  "Government  of  Canada."  Look  for 
"weather"  and  phone  a climate  services  number.  The  solution  has  to  do  with  actual  emissions  of  ozone  and 
geographic  features  that  allow  the  air  in  Calgary  to  "hang  around"  more  so  than  in  Edmonton. 
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Section  2:  Activity  1 


2.  a.  2HC1,  , +Ba(OH)  , , ->  2 HOH  m + BaCl  , , 

( aq ) V > 2 ( aq ) ( 1 ) 2 ( aq ) 

b.  2 H 3 PO  , , + 3 Ba  ( OH ) , v ->  6 HOH  , n + Ba  ~ ( PO  4 ) 

3 4 ( aq ) V y2(aq)  (1)  3 \ 4 /2(s) 

3.  A Bronsted-Lowry  acid  is  a chemical  that  donates  a proton  while  a Bronsted-Lowry  base  is  a chemical  that 
accepts  a proton. 

4.  The  two  chemicals  are  NH  0 , > and  NaHCO  ,, , * . These  two  chemicals  are  not  Arrhenius  bases  since  there 

3(g)  3(s) 

is  no  apparent  source  of  hydroxide  ion  | OH  ” J . 

5.  No,  the  proton  donor  (the  acid)  must  give  its  proton  to  something  (the  base). 

6.  Acid  H 2 S ( a()  ( (hydrosulphuric  acid)  1 Arrhenius  and  Bronsted-Lowry  definitions 
Base-  LiOH  ( aq  ( (lithium  hydroxide)  J work  for  acid  and  base- 

Salt — Li  2 S ^ ^ (lithium  sulfide) 
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7.  acid — HNO  3 , ^ (nitric  acid)  Arrhenius  or  Bronsted-Lowry  definitions 
base — NH  3^a  , (ammonia)  Bronsted-Lowry  definition  only 

salt — (ammonium  nitrate) 

8.  acid — H20(1)  (water)  Bronsted-Lowry  (It  donates  a proton  to  ammonia  when  it  becomes  an  ammonium 
ion.) 

base — NH  , N (ammonia)  Bronsted-Lowry 

3(aq)  J 

There  is  no  salt. 


Section  2:  Activity  2 


SULPHURIC  ACID  PRODUCTION 



Sulphuric  acid 

Symbol:  H2S04(aq) 

Uses:  • used  in  production  of  paints,  plastics,  dyes,  detergents 

• used  in  production  of  agricultural  fertilizers 

• used  in  car  batteries 

• used  in  production  of  hydrochloric  acid 

Present  Method  of  Production:  contact  process 

Chemical  Reactions  Used  in  Production: 

8 SO 


S8(l)  + 802(g) 

2S02(g)+02(g) 


2(g 

2 SO 


3(g) 


SO 3 ^ g j + H 2 SO ->H2S207(1) 
H2S207^^  + H 2 O ^ | j,  — > 2 H 2 SO 4 ^ j ^ 


2. 


SODIUM  HYDROXIDE  PRODUCTION 


Sodium  hydroxide  (base) 


Symbol:  NaOH 


(aq) 


Uses:  • used  as  a drain  cleaner,  oven  cleaner 

• used  to  purify  tungsten  from  ore 

• the  main  part  of  soap 


Method  of  Production:  electrolysis  and  evaporation 


Chemical  Reactions  Used  in  Production: 

2 Cl  (aq)  -»C12^  +2 e 

2H20(1)  +2e“  — >H2(g)  + 2 OH  ~ ( aq ) 

Nat  + OH 7 , — > NaOH , . when  evaporated 

( aq ) ( aq ) ( s ) r 
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3. 


AMMONIA  PRODUCTION 


Ammonia 


Symbol:  NH 


3(g) 


Uses:  • used  to  make  fertilizers 

• used  in  household  cleaners,  disinfectants 

• explosives 


Method  of  Production:  Haber-Bosch  Process 


Chemical  Reaction  Used  in  Production: 


N 


2(g) 


3H2(g)^2NH3(g, 


1.  • Cost — Many  of  the  products  are  used  at  the  next  stage. 

• Pollution — Many  of  the  chemicals  produced  are  known  causes  of  pollution  such  as  acid  rain  and  smog. 

5.  Cl is  a pollutant  and  a highly  toxic  gas.  Hydrogen  is  extremely  flammable. 

5.  Commercially  made  nitrogen-based  fertilizers  are  a result  of  the  Haber-Bosch  process  for  making  ammonia 
and  result  in  as  much  as  a fourfold  increase  in  crop  yield. 

Section  2:  Activity  3 

1.  Arrhenius:  H20^  — > Hj^  +OH^  Water  is  producing  hydrogen  ions  and  hydroxide  ions. 
Bronsted-Lowry:  H2Ofl)  — > H^+  ^ +OH7  , Water  donates  a proton  (acid). 

H ^ j + OH  “aq  j ->H20(])  Water  accepts  a proton  (base).  (Water  then  donates  a proton  from  itself  to 
another  water  molecule.) 

-•  HNO  m +H2Om  — > NO  , i +H,0(  ^ 

3(1)  2 ( 1 ) 3 ( aq ) 3 ( aq ) 

3.  Water  dissociates  into  1 OH"  . and  1H  + , (and  therefore  1 H , O ,+  J ion.  Equal  concentrations  of  each  ion 

(aq)  (aq)  3 ( aq ) n 

is  what  makes  water  neutral. 


k 1.0x10  7 mol/L  or  10  7 mol/L 

5.  If  you  raise  the  OH  7 . concentration,  you  make  the  solution  more  basic  and  lower  the  H , O T , 

( aq ) J 3 ( aq ) 

concentration. 


S-  [H3°(aq)HOH(aq)]  = 10‘14iI^-  Kw=10*14  at25°C 

L1 

2 Inol 

V 

2Q-12  mol 
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7.  |H30;  , I x [ OH 7 J = 10-14^ 

3 ( aq ) I I ( aq ) J t 2 


10 


-i4  mol 


'x 


h,o; 

3 (aq. 


^r 


-6  Ynol, 
Is 
-8  mol 
L 


10 
= 10 


8.  Textbook  question  1: 

a.  -log (lx  10 ~4  ) = 4.0 

b.  -Iog(lxl0~9  ) = 9.0 

c.  - log  ( 3.2  x 10  ~6  j = 5.49  (2  significant  digits)  You  should  need  a calculator  only  in  Part  C. 

9.  First  you  must  find  J H 3 O ^ ^ j from  the  given  | OH  ~aq  ^ J values.  Then  take  - log  j H 3 O ^aq  ^ j to  get  the 
pH. 


a.  [H30^aq)  ] = 10“4  mol/L  The  pH  is  4.0. 

b.  [H30+aq)  ] = 10“9  mol/L  The  pH  is  9.0. 

The  shortcut  method  has  been  used  to  get  ( H 3 O + ] in  a.  and  b. 


c.  h3o:  , x oh; 

I 3 (aq)  J I 0 


H,0 


= 10 


3 (aq; 


in-14  10 ~14  mol/L  12 

iU  = 6.667  x 10  "12  mol/L 


oh; 


1.5x10  mol/L 


- log  ( 6.667  x 10  ”12  ) = 11.1761 

= 11.18  (2  significant  digits) 

The  pH  is  11.18. 


10.  Textbook  question  2:  | H30^  | = antilog  (-pH)  so... 


a.  antilog  (-4.0)  = 0.0001  mol/L  (1  significant  digit) 

Note:  When  using  INV  log  on  your  calculator,  you  will  get  1 _04  on  the  display.  This  is  read  as 
0.0001  or  1x10  ~4. 
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b.  antilog  ( - 9.0 ) - 1 x 10  9 mol/L  (1  significant  digit) 

c.  antilog  ( - 2.8 ) = 2 x 10  ~3  mol/L  (1  significant  digit) 

11.  Textbook  question  3:  pH  = 1.8  You  take  the  antilog  of  the  negative  of  the  pH. 

[ H 3 O ^aq ) J = antilog  [- 1.8  ] = 0.0158 

so  [H3O(+aq)]  = 2xl0-2  mol/L  or  0.02  mol/L  (1  significant  digit) 

The  concentration  of  HC1 , , is  0.02  mol/L. 

(as) 

12.  Textbook  question  4: 

[H3°L)]=antilog(“PH) 

= antilog  (-5.8) 

= 1.58xl0-6  mol/L 
= 2 x 10  “6  mol/L  (1  significant  digit) 


Section  2:  Activity  4 


i. 


Textbook  question  1:  The  balanced  reaction  is  NaOH 

I 


(a<l) 


titrant 


+hno3 


aq) 


unknown 


— >HOHm  +NaNO*v 
(!)  3(aq 

You  only  write  this 
to  balance  the 
reaction. 


Recall  the  following  stoichiometry  equations  from  Science  20. 


^ n <—  amount  in  moles 
^ - y <—  volume  in  litres 

m <—  mass  in  grams 
!1~~M  <r-  molar  mass  in 

1 grams  per  mole 

and 

concentration  in 

amount 

moles  per  litre 

in  moles 

For  the  titrant,  C = so  n - CV 

= 0.100^  x0.0132\ 

lx 

= 0.00132  mol  of  NaOH 

The  mole  ratio  of  NaOH , , to  HNO , . . is  1:1,  so  there  is  also  0.001  32  mol  of  HNO 

(aq)  3 ( aq ) 3 ( aq ) 
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For  the  acid,:  C = — = 


0.001 32  mol 
0.025  L 

mol 
L 


= 0.0528 


0.053^^  (2  significant  digits) 


The  concentration  of  the  nitric  acid  is  0.053  mol/L.  You  express  the  answer  to  2 significant  digits  since 
the  25  mL  is  the  measurement  with  the  fewest  significant  digits.  The  concentration  of  HNO  3 ^ aq  ^ is 

0.053  mol/L.  The  solutions  for  questions  2 and  3 will  be  done  in  a more  compact  space  but  the  steps  will 
be  the  same. 


Textbook  question  2: 

i i 

unknown  titrant 

For  the  titrant,  C = ^ 
n = CV 

= 0.100^x0.008  32\ 

= 0.000  832  mol  of  HCL  , 

(aq) 

A 1:1  mole  ratio  means  0.000  832  mol  of  KOH  as  well. 


For  KOH 


(aq)' 


cv 


0.000  832  mol 
0.0100  L 
mol 


= 0.0832— j—  (3  significant  digits) 


The  concentration  of  the  potassium  hydroxide  is  0.0832  mol/L. 


Textbook  question  3: 

2NaOH,  s+HoSOw 

i (aq)  i 4( 

titrant 


a(L 


— > 2 HOH  / , \ + Na  - SO  A , 

( 1 ) 2.  4 ( aq 


unknown 
For  the  titrant,  { NaOH 


(aq) 

n = CV 

= 1.000  0.001 86\ 

= 0.00186  mol  of  NaOH, 


The  mole  ratio  of  NaOH 
are  moles  of  NaOH , . . 


(aq' 


H.SO 


4 ( aq 


is  2:1.  There  are  half  as  many  moles  of  H 2 SO  4 ^ aq  ^ as  there 
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_ n NaOH 

n H 2 so  4 - 2 


0.00186  mol 

= 0.000  930  mol 


For  the  unknown  H ~ SO  , , C 

2 4(aq)/ 


n 0.000  930  mol 
V=  0.005  00  L 


= 0.186  mol/L  (3  significant  digits) 
The  concentration  of  the  sulphuric  acid  solution  is  0.186  mol/L. 


1.  Results  will  vary  depending  on  the  concentration  of  the  unknown  acid.  The  following  are  sample  results  for 
the  titration  of  10  mL  of  HC1  of  unknown  concentration  with  0.10  mol/L  NaOH. 


1 

Trial  1 

1 

Trial  2 

Trial  3 

Initial 

Volume 

1.0  mL 

7.3  mL 

13.7  mL 

Final 

Volume 

7.3  mL 

13.7  mL 

20.0  mL 

Amount  of 

Titrant  (Difference) 

6.3  mL 

6.4  mL 

6.3  mL 

3.  Answers  will  vary.  The  average  volume  of  0.10  mol/L  NaOH  used  in  the  sample  results  in  Part  A was  6.3 
mL. 

1.  The  results  will  vary  but  follow  these  steps.  The  calculations  shown  here  are  for  the  sample  results. 

Step  1:  The  equation  for  the  reaction  is  : NaOH , , + HC1 , \ -»  NaCl , > + HOH , , , 

r ^ (aq)  (aq)  (aq)  (1) 

The  mole  ratio  of  acid  to  base  is  1:1. 

Step  2:  Find  n for  the  base  using  n = CV . 
n = CV 

= 0.10  mol  Ac-  x 0.0063\ 

= 0.000  63  mol 
= 6.3xl0”4  mol 

Step  3:  Find  C for  the  acid  using  C = — . Note:  n for  the  acid  = n for  the  base  in  this  case. 


_6.3xl0“4  mol 
0.010  L 

= 0.063  mol/L 

The  concentration  of  the  hydrochloric  acid  is  0.063  mol/L. 
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Volume  of  Base 
Added  (mL) 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

6.3 

6.5 

6.9 

8.0 

9.0 

10.0 

11.0 

pH 

1.7 

1.8 

1.9 

2.1 

2.5 

3.0 

3.9 

5.0 

7.0 

9.8 

11.7 

12.3 

12.5 

12.7 

6.  Your  graph  should  be  similar  to  the  following. 

15 


10 

pH 

5 


0 

5 10  15 

VolNaOH,  4 added  (mL) 

(aq) 

7.  The  point  is  (pH  = 7.0,  6.5  mL). 

8.  This  point  represents  the  volume  of  NaOH  ^ ^ ^ required  to  neutralize  the  HC1  ^ ^ . 


pH  of  Titrant  (NaOH  (aq))  Versus  Volume  of  Titrant 


/ 

Jl. 

-4 

V 

K 

r 

** 

/ 

Cf 

) 

f 

/ 

i 

t 

L 

T 

/ 

/ 

( 

V 

J 

A 

9 

(i 

h - 

s 

a 

*** 

A 

A 

Ji 

T. 

9.  The  reaction  is  HCL  . + NaOH , , ->  HOH  m + NaCl , * . 

( aq  ) ( aq  ) ( 1 ) ( aq  ) 

The  volume  of  NaOH  used  is  6.5  mL. 

For  NaOH,  v n = CV 

(aq) 

= 0.10  mol/L  x 0.0065L 
= 0.000  65  mol 

The  mole  ratio  of  HC1 , , to  NaOH , * is  1:1  so  n , „rn  = n . M nH  v = 0.000  65  mol . 

( aq ) ( aq ) ( HC1 ) ( NaOH ) 


The  concentration  of  HC1 , , is  as  follows: 

(aq) 


c=t 

0.000  65  mol 
0.010  L 

= 0.065  mol/L 
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0. 

1. 


2. 


The  two  values  are  quite  close,  0.063  mol/L  and  0.065  mol/L. 

Textbook  question  1:  As  before,  results  will  vary  but  the 
general  shape  of  your  graph  should  look  like  the  one 
in  the  answer  to  question  6.  Up  to  about  pH  5 and 
above  pH  9,  the  change  is  gradual.  It  changes 
suddenly  between  pH  5 and  pH  9 with  pH  7 in  about 
the  middle  of  this  rapid  increase. 

The  general  shape  of  a graph  depicting  the  titration  of 
a strong  acid  with  a strong  base  is  shown  on  the  right. 

Your  steps  for  the  procedure  should  be  similar  to  the 
following. 


Step  1:  Put  a measured  volume  of  NaOH , , into  a beaker. 

r (aq) 

Step  2:  Fill  the  buret  with  the  H 9 SO  v Record  the  initial  volume, 
r 2 4 ( aq ) 

Step  3:  Calibrate  a pH  meter  using  a solution  of  0.100  mol/L  NaOH. 

Step  4:  Set  up  the  pH  meter  probes  in  the  NaOH  solution. 

Step  5:  Make  a chart  to  record  the  pH  like  the  one  in  question  5 of  Part  B. 

step  6:  Add  1.0  mL  of  acid  and  record  the  pH  of  the  solution. 

Step  7:  Repeat  Step  3 until  the  pH  is  low  and  remains  low. 


Your  procedure  may  differ  slightly  from  this  one  but  ask  the  following  two  questions: 


• Have  all  the  necessary  steps  been  done? 

• Are  all  the  required  number  recorded? 
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The  general  shape  of  a graph  depicting  the  titration  of  a 
strong  base  with  a strong  acid  is  shown  on  the  right. 


14.  The  point  is  ( pH  = 7,  27.0  mL). 

15.  This  is  the  volume  of  H 2 SO 4 ^ ^ ^ needed  to  neutralize  the  NaOH ^ ^ . This  is  the  equivalence  point. 


16.  The  reaction  is  2 NaOH , . + H , SO , , , ->  2 HOH , . Na , SO  . , , 

( aq ) 2 4 ( aq ) ( 1 ) 2 4 ( aq ) 

The  volume  of  H , SO , , s used  is  27.0  mL. 

2 4 ( aq ) 

For  the  H 2 SO  , v n = CV 

= 0.200  mo\/\x  0.0270  % 

= 0.00540  mol 

The  mole  ratio  of  NaOH  ^ aq  ^ to  H 2 SO  4 ^ aq ^ is  2:1  so  n NaOH  = 2 x nH^so^  = 2 x 0.005  40  mol 

= 0.0108  mol 

The  concentration  of  NaOH , x is  as  follows:  C = — 

(as)  v 

0.0108  mol 
0.050  L 

= 0.22  mol/L  (2  significant  digits) 

The  concentration  of  the  sodium  hydroxide  is  0.22  mol/L. 

17.  The  two  graphs  are  similar  in  shape  but  one  is  flipped  compared  to  the  other.  The  graph  in  question  6 is  the 
titration  of  an  acid  with  a base  and  starts  at  a low  pH  (acid)  and  continues  to  a high  pH  (base).  The  graph  in 
question  10  is  a base  titrated  with  an  acid  and  starts  at  a high  pH  and  ends  at  a low  pH. 

Section  2:  Follow-up  Activities 

Extra  Help 

1.  Water  acts  as  the  acid  that  donates  the  proton  to  the  ammonia. 
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a.  True 

b.  True 


c.  False.  The  HC1  ^ aq  ^ donates  a proton  (which  reacts  with  OH  ^ to  produce  water). 

d.  False.  The  Ca  ( OH ) 2 ( aq ) accePts  the  proton  from  the  HC1  ^ ^ y It  is  a Bronsted-Lowry  base. 


e.  True 

f.  False.  The  water  accepted  the  proton.  Water  is  the  base. 

g.  True.  (It's  also  a Bronsted-Lowry  acid.) 


pH 

Kor°,>] 

0.28 

0.52  mol/L 

9.81 

1.5xlO~10  mol/L 

0.699 

0.200  mol/L 

10.400 

3.98xl0-11  mol/L 

a-  Ca(0H)2(a<])+2HN03(aq) 


— » 2 HOH , , , +Ca(NO,  ) , 

K 1 ) ' ° > 2 ( i 


b.  Unknown  solution — HNO  „ , , ; standard  solution — Ca  ( OH ) _ , > 

3 ( aq ) V ' 2 [aq) 

c.  Volume  of  unknown  solution  | HNO  3 ^ aq  ^ J is  25.0  mL;  volume  of  standard  solution  | Ca  ( OH ) 2 ( aq ) ) 
11.6  mL. 


d.  n = CV  = 0.200  mol/\x0.0116\ 

= 0.002  32molofCa(OH)2(aq) 

e-  ^ HNO 3 = ^XnCa(OH)2 

= 2x0.002  32  mol 
= 0.004  64  mol  of  HNO , , . 

, n 0.004  64  mol 

f . C = — = 

V 0.025  L 

= 0.186  mol/L  (3  significant  digits) 
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Enrichment 


Concentrated  reagents  have  several  moles  in  a litre  of  solution.  Look  at  these  ones: 

6.0  mol/L  HCL  , 

(aq) 

6.0  mol/L  NaOH 

pH  = -(log: 

-(log  6.0)  = -0.778 

r ] lxlO-14  mol2/L2 

= 14.8 

The  pH  is  -0.8 

1 (aq)J  K,] 

The  pH  is  14. 

lxlO-14  molVL5 


6 rttel/L 

= 1.67  x 10  ~15  mol/L 

The  scale  for  concentrated  reagents  can  go  from  about  -1  to  15. 


2.  A Lewis  acid  is  a substance  that  can  accept  a pair  of  electrons  to  form  a covalent  bond.  A Lewis  base  is  a 
substance  that  can  donate  a pair  of  electrons  to  form  a covalent  bond.  An  example  of  a Lewis  base  and  Lewis 
acid  is  as  follows. 

H 

I 

H — N:  + 

I 

H 

Ammonia 
(Lewis  base) 


F H F 

I I I 

B— F H — N— B— F 

I I I 

F H F 

Boron  Trifluoride 
(Lewis  acid) 


Acids  defined  in  this  way  don't  even  need  hydrogen  to  be  present.  One  advantage  is  that  this  definition  is 
more  comprehensive  and  includes  some  compounds  that  are  not  Bronsted-Lowry  acids  or  bases. 
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Section  3:  Activity  1 


1 .  In  both  balanced  equations  the  mole  ratio  of  acid  to  hydronium  ions  is  1:1.  H 3 O T . should  equal  the 


acid  concentration. 

2.  a.  Different  pH  values  were  obtained  for  the  acids  although  the  concentration  of  acid  was  the  same  because 

the  stronger  acids  such  as  hydrochloric  acid  or  sulphuric  acid  ionize  completely  to  hydronium  ions, 
whereas  a weak  acid  like  acetic  acid  ionizes  only  partly  to  hydronium  ions. 

b.  The  ionization  reactions  are  in  dynamic  equilibrium.  Strong  acids  ionize  completely  and  strong  bases 
dissociate  completely  so  the  balance  point  is  very  much  on  the  product  side  of  the  reaction.  Weak  acids 
favour  the  reactant  side.  In  fact  they  almost  always  ionize  less  than  50%. 

3.  Dilute  the  strong  acid.  As  its  concentration  decreases,  so  does  the  J H 3 O + ] and  the  pH  increases. 

4.  Yes,  a dilute  strong  base  could  have  a lower  pH  than  a concentrated  weak  base. 

5.  pH  depends  on  both  strength  and  concentration  of  the  acid  or  base.  If  you  keep  the  concentration  the  same, 
then  the  pH  will  indicate  the  relative  strengths  of  the  acids  or  bases. 


7.  NaOH 


(0 


+ oh: 


8.  CH , COOH  / x +H?Om 

3 (aq)  2 (1) 


9. 


L0.  boric  acid: 


H3°("aq)  J = antil0S(-4'12) 

= 7.586  x 10  ‘5  mol/L 


% ionization 


7.5858  x 10  "5  mol/L 
x 100% 


= 0.0758  58% 

= 0.0759%  (3  significant  digits) 


hydrosulfuric  acid: 


1.000  x 10 ~4  mol/L 


% ionization 


1.000  x 10  ~4l¥tol/JL 
x 100% 


= 0.10%  (2  significant  digits) 
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carbonic  acid: 

r 1 2.089  x 10  "4  nWL 

[H3C^aq)  ] = antilog(-3.68)  %ionization  = 0.100~nrpt/L.  Xl°°% 

= 2.089  x 10  “4  mol/L  = 0.2089% 

= 0.21%  (2  significant  digits) 


formic  acid: 

[ H 3 0 ^aq  ) ] = antilog  ( 2.39  ) 

= 4.074  x 10  “3  mol/L 


4.0738  x 10  '2 3 4nWl 

% ionization  = x 100% 

O.lOOnWk 

= 4.074% 

= 4.1%  (2  significant  digits) 


nitrous  acid: 


h 3or 

3 (a 


= antilog  (-2.09) 

= 8.128  x 10  "3  mol/L 


% ionization  = 


8.128  x 10  “3  mob/L^. 


x 100% 


0.100  nioL^Lc. 

= 8.128% 

= 8.1%  (2  significant  digits) 


From  strongest  to  weakest,  the  order  is  nitrous  acid,  formic  acid,  carbonic  acid,  hydrosulfuric  acid,  boric 
acid. 

Section  3:  Activity  2 

1.  Remove  one  proton  (hydrogen  ion)  from  the  acid  to  get  the  conjugate  base. 


Weak  Acid 

Conjugate  Base 

^3^4(aq) 

H2P04  (aq) 

H2C°3(aq) 

HC03"(aq) 

HF(aq) 

F (aq) 

2.  Adding  OH  ions  causes  some  phosphoric  acid  to  be  converted  to  dihydrogen  phosphate  using  up  most  of 
the  OH  ~ ions.  Therefore,  the  resulting  pH  change  is  very  small. 


3-  H2C03(aq)+H20(|. 


h3o:  ,+hco:, 

3 ( aq ) 3 ( aq 


4.  The  carbonic  acid  consumed  the  OH  ions  and  is  converted  to  hydrogen  carbonate  ion. 
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5.  The  OH  " ions  are  consumed  to  help  keep  the  pH  relatively  constant. 

6.  The  ratio  of  carbonic  acid  to  hydrogen  carbonate  ion  must  be  kept  relatively  constant. 

7.  Sodium  hydrogen  carbonate  produces  hydrogen  carbonate  ion  which  has  the  ability  to  neutralize  strong  acids 
without  being  a strong  base. 

8.  In  Region  (II)  the  pH  is  slowly  changing.  This  is  because  of  the  buffering  action. 

9.  The  acetic  acid  has  been  neutralized  by  the  sodium  hydroxide. 

10.  In  region  II  the  graph  would  be  decreasing  slightly  and  in  region  III  the  curve  would  drop  rapidly. 

11.  Indicators  have  the  special  property  that  they  change  colour  as  they  change  from  their  acid  form  to  base 
form. 

Section  3:  Activity  3 

1.  Comparing  Two  Water  Samples  for  pH  Changes 


Solution 

Measured  pH 

Number  of  drops 
of  HCI(aq)  needed 

Water  sample  (From  Part  A) 

6 or  7 

7 

Water  sample  from  soil  (If  you  did  Part  B) 

6 

25 

Distilled  water 

7 

1 

2.  This  controls  one  variable.  Measuring  the  pH  shows  you  that  the  sample  is  not  strongly  acid  or  strongly 
basic.  If  the  pH  of  the  distilled  water  were  different  from  that  of  the  water  sample,  then  extra  drops  of  acid 
might  not  be  caused  by  the  buffering  of  the  sample  water. 

3.  The  distilled  water  and  the  water  sample  both  have  about  the  same  pH  so  the  difference  in  the  amount  of 
HC1  added  shows  the  buffering  capacity  of  the  water  sample. 

4.  The  addition  of  only  1 or  2 drops  of  HC1  causing  the  indicator  to  turn  red  would  indicate  that  the  water 
sample  does  not  contain  a good  buffering  system. 

5.  The  results  indicate  that  the  water  sample  made  from  the  soil  has  a much  greater  buffering  capacity  than  the 
pond  water.  The  soil  sample  should  also  have  a good  buffering  capacity. 

6.  No,  it  depends  on  the  chemicals  in  the  soil  or  water.  Some  water  samples  could  have  better  buffering 
systems. 

7.  You  would  use  alizarin  or  indigo  carmine.  These  indicators  change  colour  at  higher  pH  levels. 

8.  If  you  had  no  buffer  effect  with  the  acid,  there  shouldn't  be  one  with  the  base  either.  You  should  see  a 
buffering  effect  with  the  base  if  you  saw  one  with  the  acid. 
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Section  3:  Activity  4 

1 • H 2 CO  3 ^ aq  ^ + ^ H 3 C)  ( aq  ) + HCO  3 ( aq ) 

2.  • H 3 O j ion  concentration  falls,  upsetting  the  equilibrium. 

• Carbonic  acid  reacts  with  water  and  raises  H , O T > ion  concentration  back  to  normal  levels. 

3 (aq) 


4.  Sensors  in  your  brain  would  decrease  your  rate  of  breathing  thus  allowing  more  CO  2 ^ to  remain  in  the 
bloodstream  and  react  with  water  to  produce  carbonic  acid. 


Section  3:  Activity  5 

1.  Carbonate  salts  react  with  strong  acids  to  produce  weak  acids.  For  example, 

H 7 SO  / \ + CaCO  ~ / n — > H 2 CO  , > + CaSO 

2 4 ( aq ) 3 ( s ) 2 3 ( aq ) 


4 ( s ) 


Two  other  reactions  of  this  type  are  on  page  166  of  Visions  3.  The  carbonic  acid  formed  | H 2 CO  3 ^ aq ) j is  a 
weak  acid  and  thus  will  act  as  a buffer  in  combination  with  other  chemicals. 

2.  If  the  CO 2 ^ j escapes  the  equilibrium  shifts  to  the  right  and  reduces  the  amount  of  H 2 CO 3^aqy 
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3.  Two  reasons  for  reducing  emissions  are  as  follows. 

• The  supply  of  carbonates  will  be  reduced  (although  there  is  a huge  reservoir  of  them),  thus  reducing 
the  buffering  capacity  of  the  environment. 

• Acid  emissions  will  increase  the  amount  of  CO  2 released  into  atmosphere.  CO  2 ^ is  a greenhouse 
gas.  It  is  not  desirable  to  have  this  carbon  dioxide  released  into  the  atmosphere. 

4.  Heavy  metals  dissolve  better  in  an  acid  environment.  Reducing  the  acidity  of  a lake  does  not  remove  the 
heavy  metals.  Heavy  metal  poisoning  may  still  result. 

5.  Alberta  is  most  immune  to  acid  rain. 


6.  Quebec  is  least  immune  to  acid  rain. 

7.  A location  must  have  carbonate  in  rocks  and  have  fair  to  good  (carbonate  levels)  in  the  soil. 

8.  You  would  expect  the  rock  in  the  Canadian  Shield  to  be  largely  non-carbonate,  either  granite  or  quartoze- 
sandstone.  According  to  the  bar  graph  Quebec  has  the  lowest  percent  of  area  with  high  potential  to  reduce 
acidity,  and  non-carbonate  rocks  like  granite  or  quartoze-sandstone  do  not  reduce  acidity. 


9.  Acid  deposition  includes  all  forms  of  acid  precipitation,  such  as  rain,  snow,  hail,  and  fog,  as  well  as  acid 
dust.  The  term  acid  rain  implies  that  the  only  form  of  precipitation  that  is  acidic  is  rain. 

0.  a.  The  two  compounds  that  are  the  main  causes  of  acid  deposition  are  sulphur  dioxide  and  nitrogen 
oxides. 

b.  The  two  major  sources  of  these  emissions  are  burning  fossil  fuels,  and  smelting. 


V 

o 

p 

o 

< 


ph  scale 
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Technology 

Effectiveness 

tall  smoke  stacks 

reduces  levels  of  acid  deposition  locally,  but  passes  it  on  downwind 

liming  of  lakes 

local  success,  but  not  practical  because  of  the  many  lakes  affected 

scrubbers 

effective,  but  expensive 

13.  a.  trees:  Acid  rain  leaches  nutrients  from  the  leaves  and  restricts  the  absorption  of  nutrients  by  the  roots. 

b.  soil:  The  acid  leaches  metals  and  nutrients  from  the  soil. 

c.  aquatic  animals:  Decreased  pH  levels  reduce  oxygen  absorption  and  rapidly  decreases  the  number  of 
young  that  survive  and  the  eggs  that  will  hatch. 

14.  Due  to  cross-boundary  pollution,  sulphur  dioxide  and  nitrogen  oxides  produced  in  the  United  States  are 
producing  acid  deposition  in  Eastern  Canada.  Pollution  from  Canada  is  also  damaging  forests  in  the  eastern 
United  States.  Environmental  groups  in  both  countries  are  pushing  for  legislation  to  reduce  the  amount  of 
sulphur  dioxide  and  nitrogen  oxides  that  can  be  released  into  the  environment.  Citing  the  huge  cost 
involved,  other  special  interest  groups  are  opposed  to  drastic  changes  in  the  current  legislation. 

Section  3:  Follow-up  Activities 
Extra  Help 

1.  Strong  acid  and  high  concentration  are  the  best  combination  to  make  a low  pH. 

2.  The  exact  shape  isn't  important.  Note:  As  the  concentration  increases,  the  pH  increases,  and  as  the  strength 
increases,  the  pH  increases.  The  concentration  and  strength  are  independent. 


pH  Diagram  for  a Base 
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a.  CH-COOH,  1+H20,n^H,0r  , +CH3COO,  , 

3 (aq)  2 (1)  N 3 (aq)  J ( aq J 

b.  H,S,  , +HjO,n^H,Or  , +HS7  . 

2 (aq)  2 (!)  x 3 (aq)  ( aq ) 

For  both  of  these,  just  move  one  hydrogen  from  the  acid  to  the  water  molecules.  The  negative  ion  products 
are  the  conjugate  bases  for  these  acids. 

a.  F"(aq) +H2O(0  ^ HF(aq) +OH'(,q) 

b.  HS03-(aq)  +H20(1)  ^ H2S03(aq)  +OH- 


For  these,  just  take  an  H + ion  from  the  water  and  add  it  to  the  original  base  ion.  The  HF/  ^ and  the 
H 0 SO  „ / x are  the  conjugate  acids  for  these  bases. 

2 3 ( aq ) J ° 


% ionization: 


HsO 

3 ( aq 


HF, 


aq  , 


xlOO  = 


5.888  x 10  “3  mol/L 
0.100  mol/L 


= 5.888% 

= 5.9%  (2  significant  digits) 


a.  Hydrogen  ion  concentration: 

[H3°(,q)]  = antilo8(-PH) 

= antilog  (-2.23) 

= 5.888  x 10  ~3  mol/L 

b.  hydrogen  ion  concentration: 

[H3°(aq)  ]~ antilog ( —pFI ) 

= antilog  (-2.38) 

= 4.169  x 10  ~3  mol/L 

The  acid  is  H 9 CO  „ , , and  the  base  is  water  since  carbonic  acid  donates  a proton  to  the  water 

2 3 ( aq ) r 


x 100% 


% ionization: 


H30(; 


xl00  = 


HCOOH 


4.169  x 10  ~3  mol/L 
0.100  mol/L 


x 100% 


(aq! 


= 4.169% 

= 4.2%  (2  significant  digits) 


The  acid  is  the  hydronium  ion  and  the  base  is  the  bicarbonate  ion  since  the  hydronium  ion  donates  a proton 
to  the  bicarbonate. 


nrichment 


a.  The  chemicals  which  must  be  used  to  produce  a buffer  with  a pH  of  6.80  are  0.1  mol/L  potassium 
dihydrogen  phosphate  and  0.1  mol/L  NaOH. 

b.  The  amount  of  NaOH  that  must  be  added  is  22.4  mL. 

c.  You  would  use  50  mL  of  0.1  mol/L  potassium  hydrogen  phthalate  and  13.6  mol/L  of  NaOH , ^ . 
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2.  Prepare  the  solution  as  follows. 

• Grate  j fresh  purple  cabbage. 

• Place  grated  cabbage  into  unsalted  boiling  water  and  boil  for  10  min. 

• Collect  boiled  solution  using  a strainer  to  remove  large  pieces  of  cabbage. 

• Allow  the  solution  to  cool. 

• Cut  a coffee  filter  into  strips  and  soak  them  in  the  solution  for  10  min. 

• Remove  the  strips  and  allow  to  dry  overnight.  When  dry,  the  strips  make  a workable  pH  paper. 

• Calibrate  the  pH  paper  with  solutions  of  known  pH. 

3.  Textbook  question  7:  Thymol  blue,  cresol  red,  litmus  bromothymol  blue,  phenol  red,  and  phenolphthalein 

all  have  changes  around  pH  8.  The  best  indicator  to  use  at  pH  8 would  be  phenol  red  since  it  has  the 
most  distinct  change  right  at  this  pH. 

Textbook  question  9:  The  following  are  some  possible  reasons.  Other  reasons  may  be  acceptable  as  well.  In 
Eastern  Canada  the  bedrock  is  mostly  granite  or  sandstone  which  contain  no  compounds  that  can 
neutralize  acids.  In  Western  Canada  the  bedrock  is  mostly  carbonate  rich  rocks  which  will  react  with  and 
neutralize  acids. 

Section  4:  Activity  1 

1.  Hydrogen  sulphide  ^ H 2 S ^ j and  sulphur  dioxide  ^ SO 2 ( g ) j are  detected  by  the  process  of  fluorescence. 

2.  Nitrogen  oxides  ( NO  x ) reacting  with  ozone  and  ozone  f O 3 ^ j reacting  with  ethylene  are  detected  by  the 
energy  release  of  chemical  bonds  forming.  The  test  to  find  total  hydrocarbons  uses  a combustion  reaction. 

3.  Your  procedure  should  be  similar  to  the  following. 

• Find  a pond  and  section  it  into  areas  (or  find  several  similar  ponds). 

• Add  various  amounts  of  acid  to  the  sections  or  ponds. 

• Observe  and  record  information  regarding  the  health,  numbers,  and  diversity  of  the  organisms  in  the 
pond  as  the  pH  drops. 

4.  The  pH  of  the  water  would  be  a good  manipulated  variable. 

5.  The  health  of  the  ecosystem  would  be  the  responding  variable. 

6.  Some  variables  that  need  to  be  controlled  include  temperature  and  time  of  year. 

7.  The  effects  of  acidic  deposition  become  very  noticable  below  pH  5.6. 

8.  The  organisms  near  the  bottom  of  the  food  chains  are  affected  first.  Also,  young  fish  feel  the  effects  early. 

You  should  ask  the  person  if  there  was  other  life  in  the  water  and  if  there  were  young  fish. 
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9.  • Populations  of  several  species  fluctuate  throughout  the  year. 

• Young  organisms  might  be  affected.  You  would  want  the  new  organisms  to  study. 

• Reproduction  of  organisms  might  be  affected. 

• A seasonal  variation  might  implicate  a source,  or  show  that  it  isn't  a source.  For  example:  More  acid 
in  winter  might  mean  that  emissions  from  heating  homes  are  causing  acidification. 

• Spring  runoff  may  bring  a sudden  source  of  acid.  (This  is  called  acid  shock.)  Its  effects  can  also  be 
measured. 

10.  You  would  need  to  study  subjects  like  chemistry,  biology,  mathematics,  and  legal  regulations  to  be 
successful  in  this  field. 


Section  4:  Activity  2 


1.  Problems  with  the  technical  fix  include  the  following: 

• Money  is  a problem;  this  could  prove  to  be  an  expensive  solution. 

• These  fixes  don't  work  over  the  long  term.  Most  environmental  problems  involve  hundreds  of 
chemicals,  all  interrelated.  Things  could  even  be  made  worse. 

• The  problems  don't  go  away.  By  treating  symptoms,  rather  than  causes,  the  treatment  must  be  kept 
up. 

• With  the  human  population  increasing,  and  the  undeveloped  nations  looking  to  industrialize,  the 
problems  will  get  worse  from  a global  perspective. 

2.  A "fix"  is  necessary  to  solve  an  acute  problem  immediately.  An  unsafe  bridge,  for  example,  has  to  be  fixed. 

3.  The  sulphur  content  of  coal  can  be  reduced  by  mixing  finely  ground  coal  with  a mixture  of  air,  water,  oil, 
and  a surfactant.  The  dense  iron  pyrite  particles  sink  and  can  be  separated.  These  particles  contain  most  of 
the  sulphur. 


4.  a.  The  two  methods  of  "scrubbing"  sulphur  emissions  are  "wet  scrubbing"  and  "dry  scrubbing."  In  "wet 
scrubbing"  a suspension  of  lime  in  water  is  sprayed  down  the  stacks  through  which  the  combustion 
gases  must  pass.  The  lime  reacts  with  the  water,  forming  calcium  hydroxide.  The  sulphur  dioxide  in  the 
combustion  gases  reacts  with  the  calcium  hydroxide  to  form  solid  calcium  sulphite.  In  "dry  scrubbing" 
powdered  limestone  is  blown  into  the  furnace  along  with  finely  ground  coal  and  air.  The  heat  converts 
the  limestone  into  lime  and  carbon  dioxide.  The  lime  combines  with  the  sulphur  dioxide  gas  to  form 
solid  calcium  sulphite.  This  product  is  then  removed. 


b. 


Equation  for  removal  of  SO 


2(g) 


by  "wet  scrubbing"  method. 


S02(g)  +Ca(OH)2(s)  — >CaS03(s)  +H20(1) 

Equations  for  removal  of  SO by  "dry  scrubbing"  method, 
heat 

CaC03  ->CaO(s)  +C02(g)and  S02(g)  +CaO(s)  ^CaS03(s) 
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5.  It's  expensive  to  install  and  it  produces  solid  wastes  that  must  be  disposed  of.  Since  Alberta  is  acid  resistant, 
is  it  worth  the  expense? 

6.  Fuel  efficiency  dropped  when  the  first  pollution  control  equipment  was  installed  on  engines  that  weren't 
designed  for  them,  and  the  engines  needed  more  maintenance.  Today's  cars  are  designed  to  meet  tough 
emission  standards,  are  fuel  efficient,  and  require  less  maintenance. 


7.  Textbook  question  1: 

mass  of  sulphur  burned: 

m = 25  000 1 x 0.092 
= 2300 1 


mol  of  sulphur  burned: 

_m_  2.3x10^ 

M 32.06  mol 
= 7.174xl07  mol 


(s; 


■o„  \ — > so 9 / \ 

2(g)  2(g) 


The  mole  ratio  of  sulphur  to  sulphur  dioxide  is  1:1.  Therefore,  there  are  7.174  x 10  moles  of  SO 
produced. 


2 g 


moles  of  SO  , , released: 

2(g) 

7.174xl07  mol  x 0.30  = 2.152  x 10 7 mol 


mass  of  SO  2:  m = nM 

= 7.1740  x 10 7 rrtobx  64.06cJ-r 
ntoT 

= 1.379x10 9 g 

= 1.4  x 10 9 g (2  significant  digits) 
= 1.4x10 3 t of  SO  2 


Note:  Pure  sulphur  is  found  in  the  form  S g , s s . The  eight  sulphur  atoms  form  a ring.  If  the  sulphur  is  in 
that  form,  the  answer  to  the  problem  changes  a bit.  The  reaction  becomes 


Sc/  > +80,,  x— >8SO„/  v but  your  final  answer  is  the  same. 

8(s)  2(g)  2(g)  J 

8.  Concentration  of  H 3 O ^ ^ : before  liming — 10  - 4 mol  / L 

after  liming — 10  _ 6 mol  / L 

Moles  of  H OT  before  liming  n = CV  = 10  ”4  ^^-x  5.0x10 8 % 

3 (aq)  & 

- 5.0x10 4 mol 


after  liming  n = CV=  10 ”6  ^x5.0xl08\ 

= 5.0x10 2 mol 

You  need  to  neutralize  50  000  mol  - 500  mol  = 49  500  mol  of  H , O ,+  r 

3 (aq) 

, 49  500  mol  . . 

The  mole  ratio  of  Ca(OH)2^s^  to  H30^^  is  1:2.  You  must  add  = 24  750  mol  of  Ca(OH)2^s 
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To  find  the  mass — molar  mass  of  Ca(OH)2,^  is  40.08  + 2(16.00  + 1.01)  = 74.10  g/ mol. 


m = nM 


= 24  750hn©lx74.10-^- 
Tnaf 

= 1.834x10 6 g 

= 1.8x10  6 g (2  significant  digits) 

= 1.8 1 

This  is  a very  small  body  of  water.  It  is  equivalent  to  about  0.5  km  wide  by  1.0  km  long  by  1 m deep.  This  is  a 
little  less  than  one-quarter  section  of  farmland  covered  in  water  1 m deep.  It  is  really  a large  slough.  Just 
think  of  how  much  lime  would  be  needed  for  a lake  the  size  of  Great  Bear  Lake  or  Lake  Ontario. 

I The  reaction  is:  8SO„,  ^ +16LUS,  ^->16H?0,  n+3SrM 

2(g)  2 (g)  2 (g)  8(s) 

First  calculate  moles  of  SO  2. 

n=™ 

M 

lOOOOOO^g 
64. 06^ /mol 

= 1.5610x10  4 mol 

The  mole  ratio  of  SO  2 to  S 8 is  8:3. 

Therefore,  moles  of  Sg/  \ is  as  follows. 


= ^1.5610x10 4 mol 
8 ' 

= 5.8539x10 3 mol 


mass  of  S 8 ^ s \ is:  m = nM 


= 5.8539  x 10  3'ntol  x 256.48^- 


= 1.5014x10 6 g 
= 1.50x10 6 g 

= 1.50  t (3  significant  digits) 


You  could  collect  (and  sell)  1.50  t of  sulphur. 
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Section  4:  Activity  3 

1.  Leaded  gasoline  can't  be  sold  in  Canada  by  law.  Other  non-lead  compounds  are  used  to  maintain  a high 
octane  rating  in  gasoline. 

2.  You  may  have  had  some  of  the  following  listed. 

• Outlaw  cars  built  prior  to  1990. 

_ _ . r . , ! r These  are  not  likely  solutions. 

• Make  tuneups  mandatory  by  law.  I 

• Use  alternate  transportation  whenever  possible. 

• Drive  slower  (increases  fuel  efficiency.) 

• Carpool  with  someone. 

• Use  fuels  other  than  gasoline  that  produce  less  pollution. 

You  may  have  other  things  listed  as  well. 

3.  Coal — emissions  of  SO  . , v and  CO  _ , , 

2( g)  2(g) 

natural  gas — emissions  of  CO  y cost  of  the  gas 

hydroelectric — extensive  damage  to  ecosystems  above  where  a dam  would  be  constructed;  only  good  in  hill) 
terrain 

nuclear — produces  radioactive  wastes  (both  environmental  and  security  problem) 

solar — expensive;  works  best  for  a smaller  production  of  energy;  not  always  available  and  storage  is  difficult 
and  expensive 

4.  Geographic,  economic,  and  political  factors  are  taken  into  consideration.  The  environmental  aspects  of  a 
power  station  are  secondary  to  these.  Alberta  is  largely  flat;  it  has  no  natural  sources  of  uranium  but  it  has 
extensive  coal  fields.  British  Columbia  is  mountainous  throughout  which  facilitates  hydroelectricity 
production. 

It's  hoped  that  whatever  method  is  chosen,  it's  done  with  the  least  environmental  damage. 

5.  Your  reasons  should  be  similar  to  the  following. 

• It's  still  expensive  (although  costs  are  coming  down.) 

• The  location  is  important.  Solar  energy  in  a desert  is  probably  a good  idea  but  not  so  good  in  a rainy 
climate. 

• All  require  large  areas,  suitable  environment,  and  are  very  expensive  to  set  up  and  maintain. 

6.  Ultraviolet  light  breaks  down  the  CFC  releasing  a chlorine  molecule.  The  chlorine  molecules  combine  with 
an  oxygen  atom  from  the  ozone  molecule,  destroying  the  shielding  property  of  the  ozone  molecule. 

7.  CFCs  do  not  undergo  chemical  reactions  easily  and  thus  accumulate  in  the  atmosphere  over  time. 

8.  Chlorine  is  a great  problem  in  the  ozone  layer  because,  after  breaking  down  an  ozone  molecule  by  combining 
with  an  oxygen  atom,  it  releases  that  oxygen  atom  and  can  go  on  to  destroy  another  ozone  molecule.  In  this 
way  a single  chlorine  atom  can  go  on  to  destroy  thousands  of  ozone  molecules. 

9.  The  ozone  layer  became  thinner  over  a greater  area  over  the  next  five  years  after  1981. 
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0.  Both  ozone  and  CFCs  flow  to  the  poles.  During  the  southern  winter,  when  the  region  is  in  total  darkness, 
the  CFCs  accumulate.  When  the  ultra  violet  light  becomes  available,  the  chlorine  atoms  are  released  in  large 
quantities  and  break  down  many  ozone  molecules. 

1.  The  Montreal  Protocol  is  an  international  agreement  signed  in  1987  to  reduce  the  production  of  CFCs  by  the 
year  2000. 

2.  See  the  answer  to  question  11. 

3.  Hydrochloroflurocarbons  will  break  down  in  the  atmosphere  before  they  reach  the  upper  levels  where  the 
ozone  layer  would  be  affected. 

4.  Two  disadvantages  of  HCFCs  are 

• FICFCs  are  more  flammable  than  CFCs. 

• HCFCs  cause  wear  on  some  parts  of  air  conditioners. 

5.  The  most  serious  ozone  destruction  is  occurring  over  the  Antarctic  and  Arctic  regions  for  a number  of 
reasons.  First  of  all,  CFCs  are  very  stable  and  therefore  become  evenly  distributed  over  the  entire  globe  after 
a few  years.  In  most  parts  of  the  world,  chlorine  monoxide  formed  in  the  reaction  with  ozone  reacts  with 
nitrogen  dioxide  for  the  stable  compound  chlorine  nitrate.  In  the  extremely  cold  regions  the  nitrogen 
dioxide  becomes  trapped  in  the  form  of  frozen  clouds  of  nitric  acid.  The  result  is  that  there  is  no  reaction  of 
chlorine  monoxide  with  nitrogen  dioxide  and  the  chlorine  atom  is  freed  repeatedly  to  react  with  ozone 
molecules.  It  takes  a while  in  the  warm  season  before  the  ice  clouds  disappear  and  the  nitrogen  dioxide  is 
free  to  combine  with  chlorine  monoxide  and  take  the  chlorine  atom  out  of  circulation.  Since  the  Antarctic  is 
the  coldest  region,  this  is  where  the  most  serious  ozone  destruction  is  occurring. 

lection  4:  Follow-up  Activities 


xtra  Help 


Schindler's  experiments  showed  that  the  damage  occurs  at  the  bottom  of  the  food  chains  first. 

If  you  detect  them  before  they  cause  problems,  maybe  problems  can  be  prevented  from  happening. 

Firm  results,  discovered  by  ecological  science,  are  needed  to  sway  politicians  minds  (and  peoples'  minds.) 
Solutions  cost  money.  People  won't  spend  that  money  unless  they  are  convinced  the  problem  is  serious. 

The  chart  illustrates  that  technological  fixes  can  cause  new  problems  as  they  fix  up  old  ones. 

The  first  approach  does  not  fix  the  problem,  just  the  damage.  It's  less  expensive  to  invent  a technology  that 
doesn't  create  a problem  than  fix  all  the  damage  caused  by  the  other  approach. 


Example  for  the  first  flow  chart — Lakes  that  have  acidic  deposition  are  limed.  Example  for  the  second  flow 
chart — Sulphur  is  removed  from  coal  before  it  is  burned. 


3-  2 H , \ + O , \ — > 2 H ~ O / 

2(g)  2(g)  2 (l 


b.  Hydrogen  is  a good  fuel  to  help  maintain  a pollution-free  environment  because  its  only  combustion 
product  is  water. 
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2CH30H(1)+302(g) 


— > 4H20/ 

2 (§, 


2 CO 


2(g) 


9.  Hydrogen  is  better.  Methanol  has  CO  2 ^ g ^ as  a combustion  product  in  addition  to  water.  CO  2 ^ is  a 
greenhouse  gas. 

Enrichment 


350  tx  0.038 

1.  Mass  of  S/  ^produced:  x24\  = 319.2 1 

m_=  3.192xl08^g 
Moles  of  S ^ s ) produced:  M 32.06\g/mol 

= 9.956x10 6 mol 


Since  S(s)+02(g 


SO,,  w 9.956x10  mol  of  SO,, 

2(g)  2(g, 


Now  S02(g)  +H20(1) 

2 H 2 SO  3 ^ aq  j + 02(g. 


H 7 SO ,, , , and 

2 3 ( aq  ) 

2 H 2 SO  , wso 

2 4 ( aq  ) 


one  mole  of  SO  „ , \ produces  one  mole  of  H 0 SO  . , 

2(g)  Y 2 4( 


aq, 


are  produced. 


Therefore,  there  is  9.956  x 10  6 mol  of  H 2 SO  4 ^ aq  j produced. 

One-tenth  of  one  percent  of  this  or  9.956  x 10 3 mol  is  absorbed  by  the  lake. 

Sulphuric  acid  is  a strong  acid  so  it  ionizes  completely. 

1 mol  H 7 SO  * — > 2 mol H,0)  , 

2 4 ( aq ) 3 (aq) 

Therefore,  there  is  ( 9.956 xlO3  ) x 2 or  1 .991  x 10 4 mol  of  H 3 O + ( aq ) added  to  the  lake. 


The  lake's  volume  is  500  m x 1000  m x 20  m = 10  000  000  m 3 or  1.00  x 10 7 m 3 
One  m 3 = 1000  L so  the  volume  is  1.00  x 10 10  L 

The  lake's  pH  was  6.7  so  [ H 3 O + ] = antilog  ( -pH ) 

= antilog  (-6.7 ) 

= 1.995  x 10  “7  mol/L 


The  amount  of  H 3 O + was  n = CV 

= 1.995  x 10 ”7  ^-xl.00xl010\ 
= 1995  mol 
= 1.995x10 3 mol 
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The  new  amount  of  H30+  is  1.995x10  3 mol + 1.991x10  4 mol 

= 2.191x10  4 mol 

r + 1 2.191x10 4 mol  6 

The  new  H 30+  is = 2.191xlCT6  mol/L 

[ 3 J 1.00x10 10  L 

And  the  new  pH  is  pH  - - log  | H 3 O ^ ^ J 

= - log  ( 2.191  x 10  “6  ) 

= 5.659 

= 5.7  (1  significant  digit) 

According  to  the  chart  on  page  140  of  Visions  3,  a pH  level  of  5.7  may  not  kill  most  fish  directly.  However, 
they  are  indirectly  affected  since  most  of  the  snails  and  crustaceans  which  they  may  use  for  food  will  have 
died  at  this  pH  level. 

Contact  the  Atomic  Energy  Commission  of  Canada,  the  French  Consulate,  or  an  environmental  group  such  as 
Greenpeace.  The  nuclear  debate  is  full  of  emotion  so  be  prepared  to  read  that  it  is  the  best  thing  and  the 
worst.  Finding  the  truth  in  the  middle  of  a debate  like  this  is  difficult. 
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